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ABSTRACT 
Background:  Cardiovascular disease (CVD) is a leading cause of morbidity and 
mortality in the United States (US). Despite substantial reduction in CVD events of 
Americans, many ethnic minorities experience striking CVD disparities, with insufficient 
research to explain these disparities. Limited research conducted in West African 
Immigrants (WAI), specifically Ghanaian and Nigerian immigrants residing in other high-
income countries has revealed a high prevalence of CVD risk factors.  However, no 
epidemiological studies have explored CVD risk and the association with behavioral, 
social, economic and cultural factors in African immigrants in the US.   
Design and Methods: : Cross-sectional study epidemiological of West African 
immigrants (Ghanaian and Nigerian-born ) aged 35–74 years residing in the Baltimore, 
Washington-D.C metropolitan area. A full fasting lipid-profile, glucose concentrations, 
blood pressure and anthropometric measured were obtained and a modified World Health 
Organization questionnaire with items assessing social support, CVD knowledge and 
acculturation was administered to participants.  
Findings: The mean age of the 253 participants was 49.5±9.2 years and 58% were 
female. Males were more likely to be employed than females (90% vs. 72%; p=0.001). 
Only 52% of participants had health insurance. The majority (54%) had ≥3 CVD risk 
factors and 28% had PARS10 ≥7.5%. Smoking was the least prevalent (<1%) and 
overweight/obesity the most prevalent (88%) risk factor. Although females (64%) were 
more likely to be treated for hypertension than males (36%), there was no difference in 
hypertension control by sex. Diabetes was identified in 16% of the participants. Mean 
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total cholesterol (TC) was 180.9±33.9mg/dL and 32% had TC level ≥200mg/dL. Also, 
44% were found to be physically inactive. In females, employment [0.18 AOR, 95%CI: 
0.075-0.44)] and health insurance [0.35 AOR, 95%CI 0.14-0.87)] were associated with a 
PARS10 ≥7.5%. In males, higher social support was associated with a 0.92 (95%CI: 
0.84-0.98) odds of having ≥3 CVD risk factors. 
Conclusions:  The healthy immigrant effect may not hold for this current generation of 
African immigrants. Larger studies are need to confirm the relationships between 
predisposing, reinforcing and enabling factors and CVD risk as well as the association 
between acculturation and CVD risk  identified in this study.  
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CHAPTER ONE: INTRODUCTION 
Cardiovascular disease (CVD) remains the leading cause of death in the United 
States with 1 in 3 deaths attributable to CVD and the prevalence of CVD risk factors and 
poor health behaviors remains high.1 The Framingham Heart Study2,3 and INTERHEART 
Study4 have demonstrated that major CVD risk factors and poor health behaviors such as 
smoking, obesity, hypertension (HTN), hyperlipidemia,  physical inactivity, and diabetes 
mellitus  synergistically increase the risk for CVD events. In Sub- Saharan Africa (SSA), 
CVD is a growing cause of death and disability resulting from the “epidemiological 
transition”; which is  characterized as shifts in disease patterns and mortality patterns 
from infectious diseases to non-communicable disease as major causes of morbidity and 
mortality.5 In SSA, more than half of the CVD deaths occur among persons between 30 
and 69 years of age, a range which is 10 years younger than the equivalent group in 
Europe and North America. 6,7 
The influx of African immigrants to the US in the last two decades has been 
unparalleled.  The number of African immigrants to the U.S. grew 40-fold between 1960 
and 2007, from 35,555 to 1.4 million, including 36% from West Africa.8 Together, 
Ghanaian and Nigerian immigrants make up more than 30% of West African Immigrants 
(WAI)  in the US.8 Despite the growing presence of this population, little is known about 
the prevalence of CVD, CVD risk factors and health behaviors and overall risk for CVD. 
Research from Hispanic and Asian immigrants cannot be generalized to all immigrants 
considering the diversity of economic, social and political backgrounds of immigrants. 
The “healthy immigrant effect”9,10which suggests that new immigrants are healthier than 
their host counterparts is a well-accepted phenomenon. However, the health of 
2 
immigrants rapidly declines or improves with increasing years of residence in developed 
countries through the loss of culture-specific health protective effects or adoption of 
health behaviors of the host society.10-12 Changes in socio-economic conditions, food 
supply, health systems and policies, and cultural traditions may be reasons for 
deteriorating or improving health in immigrants. 
With regards to cultural changes, acculturation has been described as the resulting 
phenomenon when groups of individuals with different cultures come into continuous 
first-hand contact, and subsequently changes the cultural patterns of either or both 
groups.13 Again, the literature on acculturation and its association with health in Hispanic 
and Asian immigrants is ample, with very little research conducted in African immigrants. 
This research gap can be attributed to the fact that “Blacks” in the US are often 
considered a homogeneous group in research 14; ignoring the cultural and socioeconomic 
differences between recent African immigrants and US-born African-Americans. Hence, 
we examined the association between acculturation and CVD risk, utilizing a validated 
and dimensional measure of acculturation as well as the proxy measure of length of 
residence in the US. 
Identifying predisposing (i.e. CVD knowledge, employment status), reinforcing 
(i.e. social support) and enabling (i.e. health insurance status) factors is crucial in 
developing and implementing future CV health interventions in this group. For instance, 
low socio-economic status measured as income and educational status predicts CVD 
independently of traditional risk factors included in the Framingham risk score15-18 and 
lack of health insurance is associated with increased rates of stroke and death and with 
less awareness and control of CVD risk factors.19 However, these determinants have yet to 
3 
be explored in African immigrants in the US. This study examined how these 
determinants influence CVD risk in African immigrants which will inform primordial, 
primary and secondary prevention efforts as well as health policies that directly impact 




CVD Risk Factors among West Africans residing in Africa 
Since data on CVD risk factors on African immigrants is limited, evidence of 
CVD risk factor status among Africans residing in Africa was reviewed to establish the 
context for the study. 
Hypertension in West Africa 
In West Africa, hypertension (HTN) is the most common non-communicable 
disease and it has emerged as the most important risk factor for CVD, affecting about 10 
to 30% of the population. 5,6 In the absence of adequate control measures, the prevalence 
of HTN in Nigeria ranges from 21%20to 37%21 and in Ghana it ranges from 19%22 to 
55%23.  In Accra, the capital city of Ghana, hypertension moved from the fourth to the 
second leading cause of outpatient morbidity in 20077. Until recently HTN was thought to 
be rare in rural West Africa.24  However recent studies have estimated a growing HTN 
prevalence of 25%(crude)25 to 30%(crude)26 in rural Ghana and 20%(crude)20 to 
32.8%(crude) in rural and semi-urban Nigeria.27 
The detection, treatment and control of HTN are suboptimal due to scare resources 
and suboptimal health care provision.28,29 Under- diagnosis of HTN may contribute to 
poor outcomes as an investigation into 79 cases of sudden cardiac deaths in Ile-Ife Nigeria 
revealed that hypertensive heart disease was the cause of death in 66 cases (83.5%), of 
which only 20 (30.3%) were previously diagnosed.8 Cappuccio and colleagues30  
conducted a focus assessment of the prevalence, detection, management and control of 
HTN in rural and urban Ashanti Region, Ghana(n=1013) and found a worrisome overall 
prevalence of 28.7%(crude), detection rate of 22% and rates of treatment and control were 
5 
11.3% and 2.8%, respectively. A recent similar study conducted in rural Nigeria (n=2678) 
found a HTN prevalence of 19.3% (age-standardized), detection rate of 3% and control 
and treatment rates of 2% and 3% respectively.31 Together these studies highlight the 
growing prevalence of HTN and low detection, treatment and control rates, which are 
partly explained by poor access to health and unaffordability of medications and travel to 
health care centers. 
Dietary behaviors to manage HTN in West Africa are also suboptimal. 
Epidemiological studies have shown that Ghanaians and Nigerians do not engage in 
regular physical activity32,33and consume unhealthy quantities of dietary salt34, although 
clinical trials have established that physical activity35 and reduction of dietary sodium 
intake36  lower blood pressure and reduce the risk of CVD. For instance, a rural adult 
population in Ghana was found to consume about 12.5 g of (pure) salt per day22 which is 
in excess of the current international recommendations of <5g salt per day37. Since 
people of African descent have been identified as having a much higher risk of target 
organ damage compared to Caucasians for a given blood pressure in the US38,39and CVD 
in Africans occurs at an earlier age compared to their counterparts in high income 
countries40, addressing hypertension in WAI may be one of the most important strategies 
for preventing target organ damage and delaying the onset of CVD in WAI. 
Overweight/Obesity in West Africa 
Once considered a problem of the wealthy nations, the World Health Organization 
(WHO) estimates that overweight and obesity has increased dramatically in Sub Saharan 
Africa (SSA) and is associated with increased morbidity and mortality.41 In an 
epidemiological study (n=1471), adjusting for age and education, the odds ratios (OR) for 
6 
overweight/obesity were 19.1 for Dutch- Ghanaian men and 3.1 for urban Ghanaian men 
compared with rural Ghanaian men.42 
Among women, the OR for overweight/obesity were 11.4 for Dutch-Ghanaians and 3.84 
for urban Ghanaians compared with rural Ghanaians. 42 Cultural perceptions may also 
compound this issue as in many in West African societies, there is a positive social 
perception about overweight and obesity, as they are taken to represent signs of ‘good 
living’ and are associated with wealth, feminine beauty and freedom from HIV/AIDS.43,44 
This perception could reinforce unhealthy lifestyles that lead to overweight and obesity in 
WAI.   In Ghana, Amoah45 observed that wealthy participants with a high level of 
education (tertiary education) had the highest prevalence of obesity (18.8%) compared to 
those with lower literacy(12.5-13.8%) and the prevalence of obesity in females was four 
times (20.2% vs. 4.6%) higher than in males. In a continent plagued with food insecurities 
and undernutrition, overnutrition is on the increase and is reflected in the rapidly 
increasing rates of overweight/obesity and associated complications. These results suggest 
WAI may be a higher risk for overweight and obesity which may subsequently increase 
their risk for CVD upon migration to the US. 
Dietary Behaviors in West Africans 
During the last century, there have been wide-reaching changes in nutritional 
status, dietary behaviors and disease patterns globally, with the West African region being 
no exception. There is a remarkable shortage of published data on the dietary behaviors of 
West Africans. However, the nutrition transition is said to be rapidly accelerating from 
the ‘receding famine stage’ (characterized by increased fruit, vegetable, protein 
consumption and decreased carbohydrate intake) to the nutrition– related non-
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communicable disease stage (characterized by diet high in fat, refined carbohydrates, 
sugar and cholesterol and low in fiber)46 ,which has resulted in a simultaneous prevalence 
of underweight and overweight/obesity.47In an analysis of the nutrition transition and 
mortality rates in 40 Sub-Saharan African countries, Abrahams and colleagues48 found 
that Ghana had the second highest score (South Africa having the highest) which was 
translated as Ghana having relatively low levels of infant mortality rate and underweight, 
and relatively high levels overweight/obesity as well as energy and fat intakes supportive 
of the classic signs of a population in the nutrition-related non-communicable disease 
phase of the nutrition transition. 
Diabetes Prevalence in West Africa 
Diabetes is undoubtedly rising globally49 and West Africa has not been 
spared from this rising tide of diabetes prevalence.  Epidemiological data on the 
prevalence of diabetes is scanty although the available data foreshadow very worrisome 
trends. Type 2 diabetes is the most common form in SSA and is becoming more prevalent 
due to increasing rates of obesity, physical inactivity and urbanization.50 The International 
Diabetes Federation reports that 3.2% or 12.1 million Africans had diabetes in 2010 and 
there were considerable difference among different communities in sub-Saharan Africa. 
49Specifically in West Africa, a meta-analysis showed that the diabetes prevalence in 
1998 increased among urban Ghanaians (6.3%) and Nigerians (6.8%) in West Africa 
compared to historical data indicating extremely low prevalence (0.2% in 1963, Ghana; 
1.7% in 1985, Nigeria).51 The most recent epidemiological study on the prevalence of 
diabetes in Ghana (n=4733) was conducted a decade ago by Amoah and colleagues52  in 
Accra and found adult diabetes prevalence of 6.4% (Adjusted to new world population) 
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and impaired glucose tolerance prevalence of 10.7% (Adjusted to new world population). 
In Nigeria, an age standardized diabetes prevalence of 7.9 % (n=502) has been reported 
with 40% unaware of their condition and 83% of patients asymptomatic.53  Although the 
limited estimates of diabetes prevalence are lower than the 11.3% diabetes prevalence in 
adults ≥ 20 years reported in the US54, these studies suggest that the burden of diabetes is 
quickly rising. Also, urban residence is associated with a 2 to 5 times higher risk or 
impaired glucose tolerance in Africa55-57, suggesting that immigrants of African descent 
may present with even higher risk of diabetes as a result of migration from rural and 
urban settings to developed nations. 
Physical Activity Levels in West Africa 
Physical inactivity increases the risk of overweight/obesity, coronary heart 
disease, stroke and type 2 diabetes and may very well be one of the most important 
modifiable risk factors for CVD.58,59Like many developing regions, epidemiological data 
on physical activity levels in West Africa is limited. A 51-cross country survey of 
physical inactivity conducted by the World Health Organization60 estimated that 7.9% 
(95% CI 5.9-9.8) of males and 15.1% (95% CI 12.7-17.5) of females were physically 
inactive in Ghana (n=3,362) and Ghana had the 4th lowest physical inactivity levels in 
comparison to 17 other African countries using the using the International Physical 
Activity Questionnaire(IPAQ). A similar study conducted in young adults residing in 
Nigeria (n=1006) using the IPAQ determined that 41% of the population were physically 
inactive.61 Another cross sectional survey(n=532) of preretirement and retired civil 
servants in North-Western Nigeria demonstrated that only 38.3 % of the pre-retired and 
22.1% of the retirees participated in moderate physical activity with males, rural dwellers 
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and persons of lower SES reporting higher levels of moderate physical activity.62 The low 
levels of physical activity in these two countries and particularly urban areas can be partly 
explained by environmental and infrastructural barriers such as limited walkways and 
parks in cities for joggers and for running and lack of recreational and sporting facilities 
to encourage regular physical activity. 45These results suggest that physical activity levels 
in persons residing in these two countries may be suboptimal and persons with sedentary 
lifestyle who migrate to developed countries continue these behaviors post migration. 
CVD Risk Factors in West Africans residing in high-come countries 
Internationally, in-migration and out-migration during the past decades has 
generated an unprecedented amount of cultural diversity in many developed countries. 
Although West African Immigrants have contributed to the diversity of high-income 
countries research is limited on the cardiovascular disease risk profile of WAI in 
comparison to other immigrant groups such as Hispanics and Asians. In the US, it is 
difficult to determine the CVD risk of WAI from population-based studies because WAI, 
African-Americans, and African-Carribeans are studied as a homogenous group defined 
as “Black”.  Most studies on the WAI population however, are limited to the Netherlands. 
In the US, Hyman and colleague’s63100 comparative study of the prevalence of 
hypertension in first generation African immigrants and African-Americans published in 
2010, is one of the few published studies that addresses hypertension in African 
immigrants, which showed a lower prevalence of hypertension in African immigrants as 
compared to African-Americans. However, the small sample size of 87 African 
immigrants and Africa-Americans (n=95) and non-representative sample of registered 
pharmacists and nurses, may limit the generalizability of these findings to the current 
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population of WAI. Another US study by Borrell and colleagues64  explored the 
Black/White disparity in self-reported hypertension accounting for nativity status and 
observed that foreign-born blacks(countries of origin not specified) with more than 10 
years of residence in the U.S.,had 58% (OR 1.58, 95% CI 1.27–1.96) greater odds of 
reporting hypertension than their White counterparts. It is unclear how many African 
immigrants were considered foreign-born and if Ghanaian and Nigerian immigrants were 
included in their sample which limits the generalizability of their findings to current WAI. 
In the Netherlands, Beune and colleagues compared the explanatory models of 
hypertension in native Dutch, first generation Ghanaian and Surinamese hypertensives in 
a qualitative study and reported that Ghanaian immigrants(n=16) stated that fufu (a 
Western-African staple food made up of starchy root vegetables) caused hypertension and 
altered their drug dosages for fear of addiction and inability to afford their 
medications.65All the participants in this study had difficulty explaining hypertension, 
with majority (88%) of Ghanaian immigrants perceiving stress as the principal cause of 
hypertension. Moreover, all the Ghanaian immigrants were particularly likely to report 
noticing symptoms and trusted their bodies to alert them to fluctuations in their BP, keep 
their hypertension status a secret from their families and report discontinuing their 
medications when visiting or returning to Ghana. It is unknown whether these explanatory 
models of hypertension are similar to those of WAI residing in the US and further 
research in this population in the US will expand our understanding of the prevalence of 
hypertension and the impact of socio-cultural factors on their perception of hypertension 
management. 
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Agyemang conducted a pilot CVD risk assessment of Ghanaian immigrants 
in the Netherlands (n=221) aged 18-60 years in the Netherlands and observed high 
prevalence of overweight/obesity (90%), physical inactivity (56%), HTN (52%), type 2 
diabetes (6%) and low prevalence of smoking (1%).66 In the aforementioned study, the 
prevalence of HTN among the Ghanaian migrants far exceeded those reported among 
African Surinamese in the Netherlands67 which suggests that the prevalence of CVD risk 
factors may differ among ethnic groups of African descent. While Agyemang and 
Beune’s study findings have implications for WAI residing in the US, no similar studies 
of WAI have been conducted.  
Acculturation 
In 1936, Redfield , Linton and Herskovits13s18 provided the most widely accepted 
definition of acculturation as the “resulting phenomenon when groups of individuals with 
different cultures come into continuous first-hand contact, and subsequent changes in the 
cultural patterns of either or both groups” and under this definition acculturation is to be 
distinct from assimilation. This phenomenon has been studied widely in persons residing 
in countries other than their native countries including immigrants, international students, 
and refugees.68 Although the terms multiculturalism, biculturalism, integration, and 
assimilation have either been used interchangeably with acculturation, acculturation is 
considered the most preferable for the purposes of this study because it acknowledges the 
reciprocity of influences cultural groups may have on each other. The conceptualization 
of acculturation has evolved over the decades and remains heavily debated in the 
literature to date. Originally conceptualized as a unidimensional process with retention of 
the heritage culture and acquisition of the host culture at opposing ends of the 
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spectrum69,cultural psychologists have recognized that the acquisition of beliefs, values 
and practices of the host cultural does not automatically result in the absolute loss of the 
heritage culture. This paradigm shift has resulted in the reconceptualization of 
acculturation by Berry68 as an orthogonal concept with host and ethnic culture affiliations 
existing independently rather than linearly. While Redfield13 initially conceptualized a 
group-level phenomenon, it was later acknowledged that acculturation also occurred on 
the individual level as vast differences in acculturation may exist even in people who 
reside the same acculturative area.70 Two pathways have been hypothesized as ways 
individuals and groups acculturate71 and include (1) the degree to which people wish to 
maintain their heritage cultures and identities and (2) the degree to which people wish to 
have contact with those who are outside their group and participate with them in the daily 
life of the larger society which results in the adoption of 4 different acculturation 
strategies including Integrationist, Assimilationist, Traditionalist and Marginalist.  
Knowledge on the association between acculturation and CVD risk in immigrants 
is limited to Hispanics and Asians residing in the US. However, there are valuable 
lessons to be learned from research in these immigrants groups and exemplars of the 
relationship between acculturation and health behaviors, CVD risk factors and CVD 
events are detailed in Table 1.1 These exemplary studies highlighted in Table 1.1 suggest 
that the relationships between acculturation and health behaviors and risk factors are 
significant, complex and not always consistent. For instance, within the same ethnic 
immigration population of Mexican-Americans, the results are conflicting with 
acculturation being associated with both positive and negative health behaviors as 
illustrated in Table 1.1. One possible explanation for these conflicting findings is that 
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acculturation is a multidimensional concept and its measurement will vary across studies, 
populations and age groups. Furthermore, the relationship of acculturation on health 
outcomes including mortality, morbidity and healthcare utilization may be moderated or 
mediated by other factors. Common moderators/mediators proposed in the literature 
include age, genetics and socio- economic status.  For instance, in a study of the 
relationship between acculturation and health behaviors in 573 Latinas( 46-92 years) 
residing in Los Angeles, California, acculturation was negatively associated with a 
summative health score based on tobacco and alcohol use, sleeping and physical activity 
while the relationship was stronger women 66 yrs. or younger), which is suggestive of 
















Outcome Variable Study Population General Results 
Diet and Exercise Mexican-Americans, 
California 
Increased parental acculturation had association 
with dietary fat intake and lack of exercise in 
Mexican-American children 73 
Smoking Hispanics, California Acculturation had + correlation with frequency of 
smoking 74 
Mexican Americans Acculturation had+ association with smoking 
with stronger effect in women. 75 
Exercise and BMI Mexican-American, 
Texas 
Acculturation had + association with exercise 
habits, SES and – association with BMI76 




65 yrs.), Texas 
Increased acculturation associated with poor 
exercise habits. Exercise habits mediated –
relationship between acculturation and BP.77 
Obesity and Diabetes Mexican-Americans, 
Texas 
Increased acculturation associated with reduced 




Health Care Access 
Hispanics, (Hispanic 
Health and Nutrition 
Examination Survey 
[HHANES]’99-’02) 
Low acculturation related to higher prevalence of 
diabetes its and neuropathic complications and no 
routine health care. 79 
Hypertension Mexican Americans 
(HHANES ’82-84) 
Middle aged men with median acculturation had 
higher HTN prevalence than those with 
lower or higher acculturation scores.80 
Hypertension Asian Canadian 
immigrants 
Self-reported hypertension more prevalent with 
longer period of immigration.81 
Coronary artery 
disease (CAD), 
carotid intima media 
thickness, CAD risk 




Higher acculturation positively associated with 







TABLE 1.1. Exemplars of the association between acculturation and CVD risk factors 
and poor health behaviors 
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SIGNIFICANCE OF THE STUDY 
 An extensive review of the literature on CVD risk factors and health behaviors in 
WAI residing in the US has revealed significant gaps in epidemiological research in 
comparison to other immigrant groups. An assessment of the global risk of CVD defined 
as the probability of the development of CVD based on summation of the major risk 
factors2,83 is clinically relevant for the following 3 purposes (1) identification of high-risk 
persons (2) motivation of individuals to adhere to risk-reduction therapies and (3) 
modification of intensity of risk-reduction efforts based on the total risk estimate.131 
Effective primary prevention in WAI requires an assessment of risk to characterize the 
population and categorize individuals for subsequent development and testing of tailored 
risk reduction intervention. 
This study provided a unique opportunity to estimate the CVD risk of WAI 
in the US in order to guide the development and implementation of primordial and 
primary prevention strategies. Furthermore, in order to develop effective health policy 
and successful clinical and public health strategies, more evidence is needed on CVD risk 
and the underlying contributory factors in WAI in whom data are clearly lacking. Data 
from this study will help identify relevant factors including personal, socio-demographic 
and cultural factors that are associated with CVD risk and assist in the design and 
implementation of future longitudinal studies to determine the evolution of CVD risk 




The overall purpose of this study was to contribute to the understanding of 
the CVD risk and the intricate relationships between behavioral, environmental, 
social and cultural factors among WAIs residing in the US. The specific aims of the 
study were as follows: 
1) To examine the prevalence of CVD risk factors (overweight/obesity, 
hypertension, high blood glucose, hyperlipidemia) and associated poor health 
behaviors (smoking, physical inactivity and unhealthy diet).  
2) To examine the distribution of 10-year Pooled Atherosclerotic CVD (ASCVD) 
Risk Scores (PARS10).  
3) To examine the predisposing, reinforcing and enabling factors as predictors of 
elevated CVD risk (≥3 CVD risk factors/ poor health behaviors and Pooled 
ASCVD risk score ≥7.5%)  
4) Examine the association between acculturation and CVD risk factors, poor health 
behaviors and elevated CVD risk (≥3 CVD risk factors/ poor health behaviors and 
Pooled ASCVD risk score ≥7.5%)  
CONCEPTUAL FRAMEWORK  
A modification of the PRECEDE–PROCEED model (PPM), developed by Green 
and Kreuter84, was the conceptual framework for the proposed study which will guide 
planning, implementing and evaluating prevention efforts in the population. This 
ecological conceptual framework integrates health assessment, health education, social 
action, and behavioral change and maintenance principles. A crucial tenet of this 
framework is that health is more than physical well-being or the absence of disease. 
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Rather, it is a constellation of factors – economic, social, political, ecological, and 
physical – that add up to healthy, high-quality lives for individuals and communities. 
The PRECEDE component of the model which stands for Predisposing, 
Reinforcing, and Enabling Constructs in Educational/Environmental Diagnosis and 
Evaluation was initially developed by Green and colleagues in the 1970s. 85 With 
increased recognition of the importance of the environmental factors as crucial 
determinants of health, PROCEED (Policy, Regulatory, and Organizational Constructs in 
Education and Environmental Development) was added to the model in 1991.86 As 
ecological and participatory approaches models flourished in the 1990s, the PPM was 
modified to include these approaches as well as knowledge from the field of genetics. 
Another crucial tenet of this framework is that the precise social, behavioral, 
environmental, genetic, social, and ecological determinants of health behavior must be 
assessed before a program guided by the PPM is effectively implemented. 
The PPM has been utilized in CVD and risk factors research in several 
countries including; Canada32,87,88,Australia89  South Africa34,  China90, USA 91,92and 
Sweden93. The model has also been applied in diverse populations including a sample of 
18-80 year old hypertensives 32 adult hypertensive peri-urban South Africans34 elderly 
hypertensive Korean immigrants91, diabetic Chinese older adults, low- income Hispanic 
immigrants90, overweight /hypertensive adults93 and diabetic African- American adults92. 
To fulfill the aims of the proposed study only Phase 1 (Social Assessment) and Phase 2 
(Epidemiological, Behavioral and Environmental Assessment) and Phase 3(Educational 
and Ecological Assessment) of the PRECEED portion of the conceptual framework and 
guided the examination of predisposing, reinforcing and enabling factors and their 
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interplay with CVD risk factors, poor health behaviors and CVD risk level. Figure 1.1 
illustrates the conceptual framework and roadmap for the study.  
 
SAMPLE SIZE DETERMINATION FOR A PREVALENCE SURVEY, WITH FINITE 
POPULATION CORRECTION 
With an estimated population size of 25,000 WAI residing in the Washington, D.C 
metropolitan area{{258 Kent, M. 2007}}, and assuming a conservative estimate of a 
50% prevalence of HTN and overweight/obesity and precision of 6% and 95% 
Confidence Interval, a sample size of 264 was needed to determine the prevalence of 
HTN and overweight/obesity in this population. Using Green’s(1991) {{396 Green, S.B 
1991}} rule of thumb for determining regression sample sizes, [ N > 50 + 8m (m 
=number of independent variables) would require a minimum sample size of 106 















1. Go AS, Mozaffarian D, Roger VL, et al. Heart disease and stroke statistics--2014 
update: A report from the American heart association. Circulation. 2014;129(3):e28-
e292. doi: 10.1161/01.cir.0000441139.02102.80 [doi].  
2. Wilson PW, D'Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB. 
Prediction of coronary heart disease using risk factor categories. Circulation. 
1998;97(18):1837-1847.  
3. Dawber TR, Moore FE, Mann GV. Coronary heart disease in the Framingham study. 
Am J Public Health Nations Health. 1957;47(4 Pt 2):4-24.  
4. Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable risk factors 
associated with myocardial infarction in 52 countries (the INTERHEART study): Case-
control study. Lancet. 2004;364(9438):937-952. doi: 10.1016/S0140-6736(04)17018-9.  
5. Omran AR. The epidemiologic transition. A theory of the epidemiology of population 
change. Milbank Mem Fund Q. 1971;49(4):509-538.  
6. Sliwa K, Wilkinson D, Hansen C, et al. Spectrum of heart disease and risk factors in a 
black urban population in south Africa (the heart of Soweto study): A cohort study. 
Lancet. 2008;371(9616):915-922. doi: 10.1016/S0140-6736(08)60417-1.  
7. Baingana FK, Bos ER. Changing patterns of disease and mortality in sub-Saharan 
Africa: An overview. In: Jamison DT, Feachem RG, Makgoba MW, et al, eds. Disease 
and mortality in sub-Saharan Africa. 2nd ed. Washington (DC): The International Bank 
for Reconstruction and Development/The World Bank; 2006.  




9. Choi SH. Testing healthy immigrant effects among late life immigrants in the united 
states: Using multiple indicators. J Aging Health. 2012;24(3):475-506. doi: 
10.1177/0898264311425596.  
10. Kennedy S, McDonald JT, Biddle N. The Healthy Immigrant Effect and Immigrant 
Selection: Evidence from Four Countries. Social and Economic Dimension of an Aging 
Population(SEDAP). 2006;164.  
11. Fuller-Thomson E, Noack AM, George U. Health decline among recent immigrants 
to Canada: Findings from a nationally-representative longitudinal survey. Can J Public 
Health. 2011;102(4):273-280.  
12. Uretsky MC, Mathiesen SG. The effects of years lived in the united states on the 
general health status of California’s foreign-born populations. J Immigr Minor Health. 
2007;9(2):125-136. doi: 10.1007/s10903-006-9017-7.  
13. Redfield R, Linton R, Herskovits M. Memorandum for the study of acculturation. 
American Anthropologist. 1936;38:149-152.  
14. Read JG, Emerson MO, Tarlov A. Implications of black immigrant health for U.S. 
racial disparities in health. J Immigr Health. 2005;7(3):205-212.  
15. Fiscella K, Tancredi D, Franks P. Adding socioeconomic status to Framingham 
scoring to reduce disparities in coronary risk assessment. Am Heart J. 2009;157(6):988-
994. doi: 10.1016/j.ahj.2009.03.019.  
16. Kaplan GA, Keil JE. Socioeconomic factors and cardiovascular disease: A review of 
the literature. Circulation. 1993;88(4 Pt 1):1973-1998.  
 
22 
17. Loucks EB, Lynch JW, Pilote L, et al. Life-course socioeconomic position and 
incidence of coronary heart disease: The Framingham offspring study. Am J Epidemiol. 
2009;169(7):829-836. doi: 10.1093/aje/kwn403.  
18. Brindle PM, McConnachie A, Upton MN, Hart CL, Davey Smith G, Watt GC. The 
accuracy of the Framingham risk-score in different socioeconomic groups: A prospective 
study. Br J Gen Pract. 2005;55(520):838-845.  
19. Fowler-Brown A, Corbie-Smith G, Garrett J, Lurie N. Risk of cardiovascular events 
and death--does insurance matter? J Gen Intern Med. 2007;22(4):502-507. doi: 
10.1007/s11606-007-0127-2.  
20. Oladapo OO, Salako L, Sodiq O, Shoyinka K, Adedapo K, Falase AO. A prevalence 
of cardiometabolic risk factors among a rural Yoruba south-western Nigerian population: 
A population-based survey. Cardiovasc J Afr. 2010;21(1):26-31.  
21. Adedoyin RA, Mbada CE, Balogun MO, et al. Prevalence and pattern of hypertension 
in a semiurban community in Nigeria. Eur J Cardiovasc Prev Rehabil. 2008;15(6):683-
687.  
22. Kunutsor S, Powles J. Descriptive epidemiology of blood pressure in a rural adult 
population in northern Ghana. Rural Remote Health. 2009;9(2):1095.  
23. Duda RB, Kim MP, Darko R, et al. Results of the women's health study of Accra: 
Assessment of blood pressure in urban women. Int J Cardiol. 2007;117(1):115-122.  
24. Pobee JO, Larbi EB, Belcher DW, Wurapa FK, Dodu SR. Blood pressure distribution 
in a rural Ghanaian population. Trans R Soc Trop Med Hyg. 1977;71(1):66-72.  
25. Addo J, Amoah AG, Koram KA. The changing patterns of hypertension in Ghana: A 
study of four rural communities in the ga district. Ethn Dis. 2006;16(4):894-899.  
 
23 
26. Burket BA. Blood pressure survey in two communities in the Volta region, Ghana, 
west Africa. Ethn Dis. 2006;16(1):292-294.  
27. Ulasi II, Ijoma CK, Onodugo OD. A community-based study of hypertension and 
cardio-metabolic syndrome in semi-urban and rural communities in Nigeria. BMC Health 
Serv Res. 2010;10:71.  
28. Pobee JO. Community-based high blood pressure programs in sub-Saharan Africa. 
Ethn Dis. 1993;3 Suppl:S38-45.  
29. Amoah AG. Hypertension in Ghana: A cross-sectional community prevalence study 
in greater Accra. Ethn Dis. 2003;13(3):310-315.  
30. Cappuccio FP, Micah FB, Emmett L, et al. Prevalence, detection, management, and 
control of hypertension in Ashanti, west Africa. Hypertension. 2004;43(5):1017-1022.  
31. Hendriks ME, Wit FW, Roos MT, et al. Hypertension in sub-Saharan Africa: Cross-
sectional surveys in four rural and urban communities. PLoS One. 2012;7(3):e32638. doi: 
10.1371/journal.pone.0032638.  
32. Chabot I, Moisan J, Gregoire JP, Milot A. Pharmacist intervention program for 
control of hypertension. Ann Pharmacother. 2003;37(9):1186-1193.  
33. Wall HK, Beagan BM, O'Neill J, Foell KM, Boddie-Willis CL. Addressing stroke 
signs and symptoms through public education: The stroke heroes act FAST campaign. 
Prev Chronic Dis. 2008;5(2):A49.  
34. Dennison CR, Peer N, Steyn K, Levitt NS, Hill MN. Determinants of hypertension 




35. Poirier P, Giles TD, Bray GA, et al. Obesity and cardiovascular disease: 
Pathophysiology, evaluation, and effect of weight loss: An update of the 1997 American 
heart association scientific statement on obesity and heart disease from the obesity 
committee of the council on nutrition, physical activity, and metabolism Circulation. 
2006;113(6):898-918. doi: CIRCULATIONAHA.106.171016 [pii].  
36. Appel LJ, Champagne CM, Harsha DW, et al. Effects of comprehensive lifestyle 
modification on blood pressure control: Main results of the PREMIER clinical trial. 
JAMA. 2003;289(16):2083-2093. doi: 10.1001/jama.289.16.2083.  
37. World Health Organization. Reducing Salt Intake in Populations. Report of a WHO 
Forum and Technical Meeting. World Health Organization. 2007.  
38. Chaturvedi N, Bulpitt CJ, Leggetter S, et al. Ethnic differences in vascular stiffness 
and relations to hypertensive target organ damage. J Hypertens. 2004;22(9):1731-1737.  
39. Xue JL, Eggers PW, Agodoa LY, Foley RN, Collins AJ. Longitudinal study of racial 
and ethnic differences in developing end-stage renal disease among aged Medicare 
beneficiaries. J Am Soc Nephrol. 2007;18(4):1299-1306. doi: 10.1681/ASN.2006050524.  
40. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J. Global burden 
of hypertension: Analysis of worldwide data. Lancet. 2005;365(9455):217-223. doi: 
10.1016/S0140-6736(05)17741-1.  
41. World Health Organization. Disease and injury country estimates. World Health 
Organization Web site. 
http://www.who.int/healthinfo/global_burden_disease/estimates_country/en/. Published 
2010. Accessed August 26, 2014.  
 
25 
42. Agyemang C, Owusu-Dabo E, de Jonge A, Martins D, Ogedegbe G, Stronks K. 
Overweight and obesity among Ghanaian residents in the Netherlands: How do they 
weigh against their urban and rural counterparts in Ghana? Public Health Nutr. 
2009;12(7):909-916.  
43. Beune EJ, Haafkens JA, Agyemang C, Bindels PJ. Inhibitors and enablers of physical 
activity in multiethnic hypertensive patients: Qualitative study. J Hum Hypertens. 
2010;24(4):280-290.  
44. Duda RB, Jumah NA, Hill AG, Seffah J, Biritwum R. Assessment of the ideal body 
image of women in Accra, Ghana. Trop Doct. 2007;37(4):241-244.  
45. Amoah AG. Sociodemographic variations in obesity among Ghanaian adults. Public 
Health Nutr. 2003;6(8):751-757.  
46. Popkin BM. The nutrition transition in low-income countries: An emerging crisis. 
Nutr Rev. 1994;52(9):285-298.  
47. Popkin BM. The shift in stages of the nutrition transition in the developing world 
differs from past experiences! Public Health Nutr. 2002;5(1A):205-214. doi: 
10.1079/PHN2001295.  
48. Abrahams Z, McHiza Z, Steyn NP. Diet and mortality rates in sub-Saharan Africa: 
Stages in the nutrition transition. BMC Public Health. 2011;11:801. doi: 10.1186/1471-
2458-11-801.  
49. Sicree R, Shaw J, Zimmet P. The Global Burden: Diabetes and Impaired Glucose 
Tolerance. Baker IDI Heart and Diabetes Institute. 2010(4th edition):5-12.  
50. Levitt NS. Diabetes in Africa: Epidemiology, management and healthcare challenges. 
Heart. 2008;94(11):1376-1382. doi: 10.1136/hrt.2008.147306.  
 
26 
51. Abubakari AR, Lauder W, Jones MC, Kirk A, Agyemang C, Bhopal RS. Prevalence 
and time trends in diabetes and physical inactivity among adult west African populations: 
The epidemic has arrived. Public Health. 2009;123(9):602-614.  
52. Amoah AG, Owusu SK, Adjei S. Diabetes in Ghana: A community based prevalence 
study in greater Accra. Diabetes Res Clin Pract. 2002;56(3):197-205.  
53. Nyenwe EA, Odia OJ, Ihekwaba AE, Ojule A, Babatunde S. Type 2 diabetes in adult 
Nigerians: A study of its prevalence and risk factors in port Harcourt, Nigeria. Diabetes 
Res Clin Pract. 2003;62(3):177-185.  
54. Centers for Disease Control and Prevention. National Diabetes Fact Sheet: National 
Estimates and General on Diabetes and Prediabetes in the United States, 2011. U S 
Department of Health and Human Services, Centers for Disease Control and Prevention. 
2011.  
55. Mbanya JC, Cruickshank JK, Forrester T, et al. Standardized comparison of glucose 
intolerance in west African-origin populations of rural and urban Cameroon, Jamaica, 
and Caribbean migrants to Britain. Diabetes Care. 1999;22(3):434-440.  
56. Mbanya JC, Noggin J, Salah JN, Minkoulou E, Balkau B. Prevalence of NIDDM and 
impaired glucose tolerance in a rural and an urban population in Cameroon. Diabetologia. 
1997;40(7):824-829. doi: 10.1007/s001250050755.  
57. Balde NM, Diallo I, Balde MD, et al. Diabetes and impaired fasting glucose in rural 
and urban populations in futa jallon (guinea): Prevalence and associated risk factors. 
Diabetes Metab. 2007;33(2):114-120. doi: 10.1016/j.diabet.2006.10.001.  
58. Bauman AE. Updating the evidence that physical activity is good for health: An 
epidemiological review 2000-2003. J Sci Med Sport. 2004;7(1 Suppl):6-19.  
 
27 
59. Ezzati M, Hoorn SV, Lopez AD, et al. Comparative quantification of mortality and 
burden of disease attributable to selected risk factors. In: Lopez AD, Mathers CD, Ezzati 
M, Jamison DT, Murray CJL, eds. Global burden of disease and risk factors. Washington 
(DC): The International Bank for Reconstruction and Development/The World Bank 
Group; 2006.  
60. Guthold R, Ono T, Strong KL, Chatterji S, Morabia A. Worldwide variability in 
physical inactivity a 51-country survey. Am J Prev Med. 2008;34(6):486-494. doi: 
10.1016/j.amepre.2008.02.013.  
61. Adegoke BO, Oyeyemi AL. Physical inactivity in Nigerian young adults: Prevalence 
and socio-demographic correlates. J Phys Act Health. 2011;8(8):1135-1142.  
62. Adeniyi AF, Chedi H. Levels and predictors of physical activity in a sample of pre-
retirement and retired civil servants in Nigeria. East Afr J Public Health. 2010;7(2):140-
143.  
63. Hyman DJ, Ogbonnaya K, Pavlik VN, Poston WS, Ho K. Lower hypertension 
prevalence in first-generation African immigrants compared to US-born African 
Americans. Ethn Dis. 2000;10(3):343-349.  
64. Borrell LN, Crawford ND, Barrington DS, Maglo KN. Black/white disparity in self-
reported hypertension: The role of nativity status. J Health Care Poor Underserved. 
2008;19(4):1148-1162.  
65. Beune EJ, Haafkens JA, Schuster JS, Bindels PJ. 'Under pressure': How Ghanaian, 




66. Agyemang C, Nicolaou M, Boateng L, Dijkshoorn H, van de Born BJ, Stronks K. 
Prevalence, awareness, treatment, and control of hypertension among Ghanaian 
population in Amsterdam, the Netherlands: The GHAIA study. Eur J Prev Cardiol. 
2012;20(6):938-946. doi: 10.1177/2047487312451540.  
67. Agyemang C, Bindraban N, Mairuhu G, et al. Prevalence, awareness, treatment, and 
control of hypertension among black Surinamese, south Asian Surinamese and white 
Dutch in Amsterdam, the Netherlands: The SUNSET study. J Hypertens. 
2005;23(11):1971-1977.  
68. Berry JW. Contexts of acculturation. In: Sam, D.L & Berry, J.W, ed. Cambridge 
handbook of acculturation psychology. New York, NY: Cambridge University Press; 
2006:pp27-42.  
69. Gordon M. Assimilation in American life. New York, NY: Oxford University Press; 
1964.  
70. Sam, D.L & Berry, J.W. Acculturation: When individuals and groups of different 
cultural backgrounds meet. Perspectives on Psychological Science. 2010;5(4):472-481.  
71. Berry JW. Acculturation and adaptation: Health consequences of culture contact 
among circumpolar peoples. Arctic Med Res. 1990;49(3):142-150.  
72. Cantero PJ, Richardson JL, Baezconde-Garbanati L, Marks G. The association 
between acculturation and health practices among middle-aged and elderly Latinas. Ethn 
Dis. 1999;9(2):166-180.  
73. Vega WA, Sallis JF, Patterson T, Rupp J, Atkins C, Nader PR. Assessing knowledge 
of cardiovascular health-related diet and exercise behaviors in Anglo- and Mexican-
Americans. Prev Med. 1987;16(5):696-709.  
 
29 
74. Detjen MG, Nieto FJ, Trentham-Dietz A, Fleming M, Chasan-Taber L. Acculturation 
and cigarette smoking among pregnant Hispanic women residing in the united states. Am 
J Public Health. 2007;97(11):2040-2047. doi: 10.2105/AJPH.2006.095505.  
75. Coreil J, Ray LA, Markides KS. Predictors of smoking among mexican-americans: 
Findings from the Hispanic HANES. Prev Med. 1991;20(4):508-517.  
76. Stern MP, Knapp JA, Hazuda HP, Haffner SM, Patterson JK, Mitchell BD. Genetic 
and environmental determinants of type II diabetes in Mexican Americans. is there a 
"descending limb" to the modernization/diabetes relationship? Diabetes Care. 
1991;14(7):649-654.  
77. Chakraborty BM, Mueller WH, Reeves R, et al. Migration history, health behaviors, 
and cardiovascular disease risk factors in overweight mexican-americans women. Ethn 
Dis. 2003;13(1):94-108.  
78. Hazuda HP, Haffner SM, Stern MP, Eifler CW. Effects of acculturation and 
socioeconomic status on obesity and diabetes in Mexican Americans. the san Antonio 
heart study. Am J Epidemiol. 1988;128(6):1289-1301.  
79. Mainous AG,3rd, Majeed A, Koopman RJ, et al. Acculturation and diabetes among 
Hispanics: Evidence from the 1999-2002 national health and nutrition examination 
survey. Public Health Rep. 2006;121(1):60-66.  
80. Markides KS, Lee DJ, Ray LA. Acculturation and hypertension in Mexican 
Americans. Ethn Dis. 1993;3(1):70-74.  
81. Kaplan MS, Chang C, Newsom JT, McFarland BH. Acculturation status and 




82. Dodani S, Dong L. Acculturation, coronary artery disease and carotid intima media 
thickness in south Asian immigrants--unique population with increased risk. Ethn Dis. 
2011;21(3):314-321.  
83. Grundy SM, Pasternak R, Greenland P, Smith S,Jr, Fuster V. Assessment of 
cardiovascular risk by use of multiple-risk-factor assessment equations: A statement for 
healthcare professionals from the American heart association and the American college 
of cardiology. Circulation. 1999;100(13):1481-1492.  
84. Green LW, Kreuter MW, eds. Health promotion planning: An educational and 
ecological approach. 4th ed. New York: McGraw-Hill; 2005.  
85. Green LW, Kreuter MW, Deeds SG, & Partridge KB, eds. Health education planning 
: A diagnostic approach. Mountain View, Calif.: Mayfield; 1980.  
86. Glanz K, Rimer BK, Viswanath K, eds. Health behavior and health education: 
Theory, research and practice. 4th ed. San Francisco: Jossey-Bass Publishers; 2008.  
87. Tremblay M, Gervais A, Lacroix C, O'Loughlin J, Makni H, Paradis G. Physicians 
taking action against smoking: An intervention program to optimize smoking cessation 
counselling by Montreal general practitioners. CMAJ. 2001;165(5):601-607.  
88. Satia-Abouta J, Patterson RE, Kristal AR, Teh C, Tu SP. Psychosocial predictors of 
diet and acculturation in Chinese American and Chinese Canadian women. Ethn Health. 
2002;7(1):21-39.  
89. Burke L, Jancey J, Howat P, et al. Physical activity and nutrition program for seniors 
(PANS): Protocol of a randomized controlled trial. BMC Public Health. 2010;10:751.  
 
31 
90. Hu J, Wallace DC, Tesh AS. Physical activity, obesity, nutritional health and quality 
of life in low-income Hispanic adults with diabetes. J Community Health Nurs. 
2010;27(2):70-83.  
91. Kang JH, Han HR, Kim KB, Kim MT. Barriers to care and control of high blood 
pressure in Korean-American elderly. Ethn Dis. 2006;16(1):145-151.  
92. Gary TL, Bone LR, Hill MN, et al. Randomized controlled trial of the effects of nurse 
case manager and community health worker interventions on risk factors for diabetes-
related complications in urban African Americans. Prev Med. 2003;37(1):23-32.  
93. Sjostrom M, Karlsson AB, Kaati G, Yngve A, Green LW, Bygren LO. A four week 
residential program for primary health care patients to control obesity and related heart 
risk factors: Effective application of principles of learning and lifestyle change. Eur J 




This dissertation consists of six chapters. Chapter One provides a review of 
relevant literature, overview of the dissertation study include purpose, specific aims, the 
theoretical framework that guided the study.   
Chapter Two (Manuscript One) provides a systematic review on two major CVD 
risk factors-hypertension and overweight/obesity and Ghanaians and Nigerians. This 
manuscript was published in 2014, and the citation is as follows:  
Commodore-Mensah, Y; Samuel, LJ.; Dennison-Himmelfarb, CR.; Agyemang, C.(2014) 
Hypertension and overweight/obesity in Ghanaians and Nigerians living in West Africa 
and industrialized countries: a systematic review. J Hypertens. 2014; 32(3):464-472 
Chapter Three (Manuscript Two) is the first data-based manuscript and 
describes the prevalence of CVD risk factors/ health behaviors, global CVD risk and also 
identify independent predictors of increased CVD risk by sex among West African 
immigrants(WAI). Chapter 1 addresses Specific Aims 1-3. This manuscript will be 
submitted to the International Journal of Epidemiology or Circulation.  
Chapter Four (Manuscript Three) is the second data-based manuscript from this 
dissertation work. . In particular, we reported the associations between acculturation and 
CVD risk factors, poor health behaviors as well as elevated 10-year CVD risk using the 
new Pooled Atherosclerotic Cardiovascular Disease (ASCVD) risk score. We 
hypothesized that the prevalence of CVD risk factors, poor health behaviors and elevated 
CVD risk would be significantly associated with acculturation. Chapter Four addresses 
specific aim 4.  
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Chapter Five presents a concise summary of the dissertation and integrates the 
findings, including those not described in Chapters 1-5.  Study strengths and limitations, 
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Context: There is a growing prevalence of cardiovascular disease (CVD) risk factors in West 
Africa and among its migrants to industrialized countries. Despite this, no study has reviewed 
CVD risk factor prevalence among West Africans in Africa and industrialized countries. 
Objective: To appraise studies on the prevalence of two CVD risk factors (hypertension and 
overweight/obesity) among two major West African populations (Ghanaians and Nigerians) in 
Africa and industrialized countries. 
Methods: A comprehensive literature search from 1996 to July 2012 was undertaken to identify 
quantitative studies on hypertension and overweight/obesity among adult Ghanaians and 
Nigerians in West Africa and industrialized countries. 
Results: Twenty studies were included with 10 conducted in Ghana, six conducted in Nigeria and 
four in industrialized countries. Studies in Ghana and Nigeria reported a hypertension prevalence 
of 19.3–54.6% with minimal differences between rural, urban, semi-urban, and mixed 
populations. Of the hypertensive patients, 14–73% were aware of their condition, 3-86% were on 
treatment, and 2–13% had controlled blood pressures. Overweight/obesity prevalence in Ghana 
and Nigeria ranged from 20 to 62% and 4 to 49%, respectively. The four studies in industrialized 
countries reported a hypertension prevalence of 8.4–55% and overweight/obesity prevalence of 
65.7–90%. 
Conclusion: Hypertension and overweight/obesity are highly prevalent conditions in West Africa 
and in its migrants residing in industrialized countries. Urgent measures are needed to prevent 




Cardiovascular disease (CVD) has become the leading cause of death globally 1,2 with a 
high prevalence of major risk factors for CVD, including tobacco use, alcohol use, hypertension 
(HTN), high cholesterol, obesity, physical inactivity, and unhealthy diets. CVD is an emerging 
public health problem in West Africa and especially in Ghana and Nigeria where rapid 
epidemiological transitions have occurred 3. These countries were selected for this systematic 
review because they are both English-speaking West African countries whose inhabitants exhibit 
similar socio-demographic characteristics, political/historical backgrounds, and have been 
relatively well studied. 
In West Africa, HTN and overweight/obesity have emerged as important regional risk 
factors for CVD 4,5. Among 79 cases of sudden cardiac deaths in Ile-Ife, Nigeria, hypertensive 
CVD was the cause of death in 83.5%, of which only 30.3% were previously diagnosed 6. 
Similarly, a case-fatality rate of 43% was reported in 445 Nigerian hypertensive cases that 
presented to an urban tertiary hospital, suggesting that HTN is a major cause of morbidity 7. HTN 
is also a leading cause of renal failure and heart failure in Ghana 8 and in the Greater Accra 
Region, HTN became the second leading cause of outpatient morbidity in 2007 9. 
Once considered a problem of wealthy nations, the WHO estimates that overweight and 
obesity have increased dramatically in sub-Saharan Africa (SSA) 10 and the obesity prevalence is 
trending upward in West Africa 11. Obesity is also the most prevalent nutrition-related disorder in 
developed and developing countries 12. These trends are worrisome as HTN and 
overweight/obesity are associated with increased morbidity and mortality, and pose a large 
disease burden for numerous noncommunicable diseases 13-15. Further, the concurrent prevalence 
of obesity and malnutrition in West African countries result in an even greater disease burden and 
pose unique challenges for these settings 16. 
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Rates of CVD and risk factors among some ethnic groups increase following migration to 
countries where CVD rates are high, which indicates a substantial environmental influence 17. 
There are growing West African populations in industrialized regions 18 . An estimated two to 
three million people from SSA reside in the European Union 19 and 1.1 million reside in the 
United States 20. Although limited, available data suggest that African immigrants in these regions 
bear a disproportionate burden of CVD and CVD risk factors 21-25. 
The purpose of this systematic review, therefore, was to critically appraise existing 
studies on the prevalence of two major CVD risk factors: HTN and overweight/obesity in two 
West African populations (Ghanaians and Nigerians) residing in Africa and in industrialized 
countries. 
METHODS 
Search strategy for identification of studies 
Searches were undertaken using the PUBMED electronic database to identify population-based 
quantitative studies on HTN and overweight/obesity in adult Ghanaians and Nigerians in Africa, 
Europe, and North America using relevant diagnostic criteria 26-28. Articles were included in this 
review if they were published in English between 1996 and June 2012. To enhance the 
comprehensiveness of the search, both subject headings and free text searches were implemented. 
Subsequently, reference lists of relevant identified articles were examined to retrieve other studies 
that were not indexed by PUBMED. The keywords and medical subject headings (MeSHs) used 
in the development of the search strategy included Ghana, Nigeria, African immigrants, HTN, 
high blood pressure (BP), overweight, obesity, risk factors, prevalence, and BMI. All MeSH 
words and keywords were truncated and exploded to capture as many articles as possible. 
Study selection and data extraction 
The titles and abstracts of the articles were screened and retrieved from the multiple sources 
described above. Articles were included if they reported on original prevalence (crude or 
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adjusted), and contained epidemiological data on HTN and overweight/obesity. The full texts of 
potentially relevant articles were examined on the inclusion criteria and for methodological 
soundness. No pooled analysis was performed due to the heterogeneity of study populations. 
Figure 2.129  is the flow chart of study selection and extraction. 
RESULTS 
Description of studies 
Twenty (20) independent studies were included in this review, with 10 studies 30-38 
conducted in Ghana, six studies 39-44 conducted in Nigeria, and four studies 45-48 conducted in 
industrialized countries. No epidemiological studies on HTN and overweight/obesity in Ghanaian 
or Nigerian immigrants in North America were reported. The majority of studies conducted in 
Africa were population-based and cross-sectional studies. All the four studies conducted in 
industrialized countries were cross-sectional. Sample sizes of the studies ranged from 85 to 4733 
in Africa and 45 to 1471 in industrialized countries. 
Hypertension in Ghanaians and Nigerians residing in Africa 
HTN was defined using Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure (JNC -7) criteria 26of SBP at least 
140mmHg and/or DBP at least 90mmHg or as individuals being on antihypertensive 
medication. Notably, some studies also considered individuals who self-reported a prior 
diagnosis of HTN as hypertensive participants 30-32.  Three studies 34,36,37restricted their 
diagnosis of HTN to only one BP measurement. Mean age of participants ranged from 
31.6 to 46.8 years in both countries. 
Studies in Ghana and Nigeria reported a crude prevalence of HTN between 19.3 
and 54.6% (Table 2.1) 30-32,34-43,49The study by Kunutsor and Powles 37, which reported the 
lowest crude prevalence rate in a rural Ghanaian population, and the study by Duda et al. 
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36, which reported the highest crude prevalence among urban Ghanaian women, both only 
obtained one BP measurement and neither reported adjusted prevalence rates. Notably, 
only two studies 31,32 adjusted the HTN prevalence rates to the world standard population. 
Studies in Nigeria reported a crude HTN prevalence between 20.8 42 and 36.6% 39, 
whereas their counterparts in Ghana reported a crude prevalence between 19.3 37 and 
54.6% 36. Minimal differences in HTN prevalence rates were noted between rural, urban, 
semi-urban, and mixed populations in both countries. In two of the four rural populations, 
the HTN prevalence was 25% or higher 30,34. In all six urban populations, the HTN 
prevalence was 27% or higher. Where reported, there were sex differences in HTN 
prevalence rates, although no clear pattern was noted (see Table 2.1). Six 34,35,41-43,49of the 
11 studies that analyzed rates by sex reported a higher HTN prevalence in men compared 
with women. 
Detailed analyses of the awareness, treatment, and control of HTN were available 
for only eight studies conducted in Africa. Of the hypertensive patients, 14–73% were 
aware of their condition, 3-–86% were on treatment, and 2–13% had controlled BPs less 
than 140/90mmHg according to the JNC-7 criteria 26. The highest awareness, treatment, 
and control rates were observed among urban civil servants in Accra, Ghana 31 and semi-
urban participants in Sekondi-Takoradi, Ghana 38 with awareness, treatment, and control 
rates of 54.1, 31.3, and 12.7 and 73, 59, and 5%, respectively. The worst was observed in 
a mixed population-based sample of semi-urban and rural participants in the Ashanti 
region, Ghana where detection, treatment, and control rates were significantly higher in 
semi-urban (25.7, 14.3, and 3.4%) than in rural villages (16.4, 6.9, and 1.7%) 35. 
Generally, women had higher awareness, treatment, and control rates than men 31,35,42,49. 
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Differences in study populations hinder further analysis of other trends in awareness, 
treatment, and control. 
Overweight/obesity in Ghanaians and Nigerians residing in Africa 
 All studies except one 43 in this review utilized international criteria for BMI 
classification 28,50, with normal weight defined as a BMI of 18.5–24.9kg/m2, overweight 
25–29.9, and obesity as at least 30kg/m2. The study by Oghagbon et al. 43 differed by 
categorizing normal weight as BMI of 20–24.9kg/m2.  
The overall prevalence of overweight and obesity ranged from 20 to 62% and 4 to 
49%, respectively (see Table 2.2) 30,31,33-37,40-44,49,51. Although two of the three rural studies 
had lower rates of overweight and obesity compared with urban and mixed population, 
Burket’s study 34 was the exception, in which about 44% of the population was found to 
be overweight or obese. However, a potential selection bias of women (77%) at the 
market limits the generalizability of the findings. In general, urban studies reported a 
higher prevalence of overweight or obesity with rates as high as 62%, observed in urban 
women in the Women’s Health Study of Accra. The lowest rate of overweight or obesity 
(3.9%) 43 was observed in rural Egbegba, Nigeria; however, 60.9% of this population was 
underweight. This difference in prevalence of overweight or obesity is also reflected in 
the average BMIs of urban and rural populations in Table 2.2. Five studies 31,34,41,49,52 did 
not report BMI status by sex. In all studies in which BMI status was reported by sex, 
women had a higher prevalence of overweight or obesity. This sex disparity in prevalence 
of overweight or obesity corroborates the findings of systematic review by Abubakari and 
Bhopal  53. In all urban studies 31,51, obesity was approximately four times higher in 
women than men with the exception of study by Duda et al. 36, which excluded men. The 
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prevalence of overweight or obesity was higher in Ghanaians (range of 21.1–62.3%), 
compared with Nigerians (range of 3.9–49%). Given the frequent concurrence of 
overweight/obesity and HTN, it is no coincidence that the prevalence of 
overweight/obesity and HTN are high in majority of the studies that addressed both risk 
factors as illustrated in Fig. 2.2  
Hypertension and overweight/obesity in Ghanaians and Nigerians residing in 
industrialized countries 
There were four studies conducted in industrialized countries that addressed 
HTN and overweight/obesity in Ghanaians and Nigerians with the results presented in 
Table 2.3. 45-48 Two studies were conducted in the Netherlands, whereas the other two 
were conducted in Italy and Australia. Sample sizes ranged from 45 to 1471. The 
prevalence of HTN in Ghanaians and Nigerians residing in industrialized countries 
ranged from 8.4 to 55%. Only study by Agyemang et al. 48 examined the awareness, 
treatment, and control of HTN and reported rates of 50, 45, and 33%, respectively. 
DISCUSSION  
Compared with the earliest epidemiological studies in Ghana and Nigeria, which 
revealed a low prevalence of CVD and associated risk factors 54, this systematic review 
found a high prevalence of HTN and overweight/obesity in the two countries, as foretold 
by Pobee et al. 55 in 1979. Also, this review shows that HTN and overweight/obesity are 
significant problems even in the poorest rural populations 30,34,40,42. In a relatively young 
sample with a mean age of 31 years, a crude HTN prevalence of 30.6% 40was observed. 
This finding is particularly concerning, considering the fact that an HTN prevalence of 
33.5% has been reported in the United States in adults at least 20 years of age 21, but 
Ghana and Nigeria are more resource-limited settings. Further, rates of HTN in West 
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African samples, regardless of setting and sample, are comparable to, or higher than the 
estimated global prevalence rate of 26.4% 56. These findings should dispel the myth that 
HTN is only a problem for the wealthy and elderly. 
Although Ghanaians have the highest prevalence of fruit and vegetable 
consumption in comparison to 52 other countries internationally 50, the prevalence of 
overweight/obesity is high in this review. The prevalence of overweight/obesity in urban 
women across studies is alarming. Although lower than the prevalence of 80% in 
African–American women 57, it still has profound public health implications in 
developing countries, where resources are scarce and malnutrition remains a public health 
concern 16. This may be attributed to low physical activity, as epidemiological studies 
have shown that Ghanaians and Nigerians do not engage in regular physical activity 
33,42,52, or to other dietary factors, as Ghanaians and Nigerians consume dietary salt 
exceeding recommended limits 37. Several clinical trials have established that 
interventions to increase physical activity and reduce dietary sodium 58-60 lower BP, and 
may reduce CVD risk. However, to enhance the effectiveness of these interventions in 
Ghana and Nigeria, tailoring to the specific population social, economic and cultural 
context must be considered. 
Although considerable progress has been made toward HTN control in western 
countries, this review shows that West Africa is lagging behind. In comparison to the 
United States, where awareness, treatment, and control rates of 80.7, 72.5, and 50.1%, 
respectively, were reported in 2008 61, the highest corresponding rates were 54.1, 31.3, 
and 12.7% 32 in Ghanaians. Possible reasons for the poor treatment and control rates 
include the high cost of medications 62, absence of national treatment guidelines 5, and 
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misconceptions about HTN 38. There is an urgent need to improve awareness, treatment, 
and control of HTN in these two countries to curb the looming epidemic of CVD. 
The high prevalence of overweight/obesity in Dutch-Ghanaians (90%) in study by 
Agyemang et al. 48 reviewed deserves great attention and is comparatively higher than 
rates reported in the United States 57. Saleh et al. 47 reported similar findings in 
Australian-Ghanaians where 89% of men and 92% of women were overweight or obese. 
Although the sample size of 45 in the latter study is small, the findings are equally 
disturbing. These two studies provide the closest estimate of what can be expected in the 
Ghanaian and Nigerian immigrants in North America. In West Africa, there is a positive 
social perception about overweight/obesity, as they are taken to mean signs of ‘good 
living’ and are associated with wealth, feminine beauty, and freedom from HIV/AIDS 
63,64. This perception could reinforce unhealthy lifestyles that lead to overweight/obesity 
in African immigrants. It is well known that 75% of the incidence of HTN is related 
directly to obesity 65. It is, therefore, important to develop effective treatment strategies 
for the management of overweight/obesity in order to reduce the occurrence of obesity-
related HTN. 
No US-based studies were included in this review because African immigrants are 
often lumped into one racial/ethnic category and classified as `blacks' 66,67, which may 
include African immigrants, and Afro-Caribbean immigrants. The lack of 
epidemiological data on CVD risk factors such as HTN and obesity in the recently 
immigrated West African population residing in the United States limits healthcare 
providers and policy makers’ abilities to address CVD prevention and management of 
CVD in this rapidly growing population. 
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 LIMITATIONS AND IMPLICATIONS OF FINDINGS FOR FUTURE RESEARCH 
The small number of high-quality, large-scale and comparable studies made this 
review difficult. Establishing a clear link between temporal trends and increasing 
prevalence of HTN and overweight/obesity was not possible, although the data suggest 
that the prevalence rates of HTN and overweight/obesity are high. The absence of sex 
and age-specific estimates limited interpretation and comparison of the data. There is an 
urgent need for cross-sectional studies on CVD risk factors in African immigrants to the 
USA and other industrialized countries. Studies should report world-standardized 
prevalence rates to permit comparisons between age groups, sexes, areas, and time points 
globally. Furthermore, studies should build on strengths of previous studies including the 
use of representative samples and large sample sizes. Longitudinal studies of Ghanaian 
and Nigerian immigrants starting from the time of migration to industrialized nations may 
adequately characterize the environmental factors that may contribute to the development 
or progression of CVD risk factors. 
CONCLUSION  
This review has demonstrated a high prevalence of HTN and overweight/obesity 
in both urban and rural areas of Ghana and Nigeria. The awareness, treatment, and 
effective control of HTN in these two countries are unacceptably low. Improving the 
awareness, treatment, and control of HTN in these two West African countries is critical 
in reducing and preventing morbidity and mortality from CVD. Overweight and obesity 
are highly prevalent conditions in Ghanaians and Nigerians residing in West Africa and 
even greater in their counterparts residing in industrialized countries. The factors that 
contribute to this phenomenon need to be further explored in future studies. Ghanaians 
and Nigerians residing in West Africa may have a high risk of CVD due to the high 
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prevalence and poor management of HTN and overweight/obesity and this risk may 
further deteriorate upon migration to industrialized countries. Future longitudinal studies 
will improve our understanding of the evolution of CVD risk in persons who migrate 
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TABLE 2.1. CROSS-SECTIONAL STUDIES OF HYPERTENSION IN [A] GHANAIANS AND [B] NIGERIANS IN AFRICA 
  
 
           HTN Prevalence(Unadjusted, Adjusted †) Hypertension 
 Author Name Population 
Type, City 
 
(n) Sampling Method Study 
period 
Mean age ± SD 
yrs 












Amoah, 2003 32 Urban 
(Accra) 
4733 Random  cluster 1998 44.3 ± 14.7 -,27.6† -,29.5† 28.3,28.4
† 
34 (458/1337) 18 (243/1337) 3.7(49/1337) 20.2(49/243) 
Cappuccio, 2004 35 Mixed 
(Ashanti) 
1013 Stratified random 2001-
2002 
54.7±11.3 29.9 28.0 28.7 22.0(64/291) 11.3(33/291) 2.8 (8/291) 24.2(8/33) 
Burket,2006 34 Rural 
(Volta region) 
287 Convenience 2002 41.8 39.4 30.7 32.8 18.9 - -  
Spencer, 2005 38 Semi-urban 343 Convenience 2002-
2003 
48 28.7 30.7 30 73(250/343) 43(148/343) 3.6(12/343) - 
Addo, 2006 30 Rural (Accra) 362 Convenience - 42.4± 18.6 24.1 25.9 25.7 32.3(30/93) 12.9 (12/93) 2.2 (2/93) 16.7(2/12) 
Duda, 2007 36 Urban women 
(Accra) 
1328 2-stage Cluster 
Stratified Random 
2003 46.8 ± 18.0 N/A 54.6 54.6 23.7(309/1328) 52.4(162/309) 2.3(7/309) 4.3(7/162) 
Agyemang, 2006 54 Mixed 
(Kumasi) 




29.4 34(486/1431) 28 (401/1431) 6.2 (89/1431) 12.2(49/401) 
Addo, 2008 30 Urban(Accra) 1015 Random 2006 44.0±10.1 31. 7 28 30.3 
27.4† 
54.1(166/307) 31.3(96/166) 12.7 (39/307) 40.4(39/96) 
Kunustor, 2009 37 Rural(North) 574 Random 2007 37.75 ±14.05 - - 19.3 - - - - 
[B] NIGERIA 
Oladapo, 2010 42 Rural 
(Egbeba) 
2000 Systematic Random 2002-
2005 
42.1 ± 21.6 21.1 20.5 20.8 14.2(59/415) 2.6(11/415) - - 
Ekore, 2009 39 Urban 
(Ibadan) 
405 Convenience 2007 31.6 ±6.9 34.4 28.3 30.6 - - - - 
Adedoyin,2008 39 Semi-urban 
(Ile-Ife) 
2097 Multistage Cluster  
- 
44.2±11.6 36.8 34.7 36.6 - - - - 
Oghagbon, 2008 43 Urban 
(Ilorin) 
281 Convenience - 40.34±9.58 29.0 22.9 27.1 - - - - 
Ulasi, 2010 44 Mixed 
(Enugu) 
1458  Stratified random - 43.8 ±13.7 - - 32.8 - 18.9(11.5/59) - - 
Isezuo , 201141 Mixed 
(Sokoto) 
782 Multistage Cluster - 38.9±13.9 25.9 23.6 24.8 13.9 (27/194) 85.7 (23/27) 12.5 (2.9/23) - 
Key: “-”  Results not reported, †- Age-adjusted to world standard population, *- Control rate calculated with the number of 
hypertensives (x) as the denominator , and the numerator (nA) is the number of those participants who were aware of their 
hypertension, nT  is the number treated with antihypertensive medication, nC  is the number who had their blood pressure 
controlled to 140/90 mm Hg, Δ: Control rate calculated with the number treated with antihypertensive medication(nT) as 
the denominator; Mixed -Rural+Urban/Semi-urban+Rural Population 
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Author Name  
 Mean age ± 








Mean ± SD 
s











4733 Random cluster  
1998 
44.3 ± 14.7 68.5 46.1 54.9 17.5 27.1 23.4 4.6 20.2 14.1 
13.6† 
22.6 ± 0.1 25.6 ±0.1 24.4 ±0.1 
Cappuccio35 Mixed 
(Ashanti) 
1013 Stratified random 2001-
2002 
54.7 ±11.3 - - - - - - - - - 20.2 ±3.1 21.1 ±4.6 21.1 ±4.2 
Burket 34 Rural 
(Volta) 
287 Convenience 2002 41.8 - - - - - 25.5 - - 9.1 - - 24.0 
Biritwum33 Mixed 
 
4231 Random 2003 - 69 60.9 64.6 13.7 17.3 15.6 2.8 7.9 5.5 - - - 
Addo30 Rural 
(Accra) 
362 Convenience - 42.4 ±18.6 - - 74 - - 15.7 - - 10.2 21.5 ±2.8 23.9 ±5.4 23.2 ±4.9 
Duda36 Urban 1328 2-stageCluster  
Stratified Random 
2003 46.8   ± 18.0 N/A 29.9 29.9 N/A 27.7 27.7 - 34.6 34.6 N/A - - 
Agyemang49 Mixed 
(Kumasi) 




1015 Random 2006 44.0 ±10.1 52 27 42.2 34 34 34 9.9 35.5 20 24.7 ±4.3 28.2 ±5.8 26.1 ±5.8 
Kunustor37 Rural 
(North) 








42.1 ±21.6 32.4 37.4 35.2 1.9 1.8 1.9 1.5 2.4 2.0 22.8   ± 7.9 25.6 ±11.3 - 
Ekore40 Urban 
(Ibadan) 
405 Convenience 2007 31.6 ±6.9 - - - - - 22.5 - - 8.6 - - 23.7 ±4.3 
Oghagbon43 Urban    
(Ilorin) 
281 Convenience - 40.3 ±9.6 71 ** 38.6 62.9 21.9 30 23.9 7.1 31.4 13.21 24.3 ±4.9 24.6 ±4.5 24.4 ±4.8 
Ulasi44 Mixed 
(Enugu) 
1458 Stratified random - 43.8 ±13.7 - - - - - 31.6 - - 17.3 - - 23.7 ±4.3 








TABLE 2. 3. STUDIES ADDRESSING HYPERTENSION AND OVERWEIGHT/OBESITY IN [A] GHANAIANS AND 
[B] NIGERIANS IN INDUSTRIALIZED COUNTRIES 








Overweight/Obesity Overweight/Obesity prevalence: 69.1% (M), 79.5%(F) 
in Dutch-Ghanaians which was significantly higher 
than urban Ghanaians : 22.0 %(M), 50.0 %(F) and 
rural Ghanaians:10.3 %(M), 19.0 %(F) 
Dominguez46 African Immigrants 
(Ghanaians, 
Nigerians, Ivorians, )     
83 Cross-
sectional 
HTN, CVD risk 
profiles 
HTN prevalence: 8.4%, HTN treatment: 0 %. Obesity 
prevalence:2.2%  and significant  correlations b/n 
duration in Italy and weight (p<.001), BMI (p<.0001),  
SBP  (p<.01), &  DP (p<.05)  
Saleh47 
 




 HTN prevalence: 40% (M), 17% (F), HTN Awareness 
29%, Overweight/Obesity prevalence: 71%(M), 
65.7%(F), 63% participants had one or more metabolic 
risk factors.  
Agyemang48 
 






HTN prevalence: 55%, HTN Awareness:50%, HTN 
Treatment: 45%, HTN Control: 33%, 
Overweight/Obesity prevalence: 90%,   



































Studies that examined hypertension and overweight/obesity         





Figure 2.2  Bar chart of studies that examined the prevalence of 
hypertension  and overweight/obesity 
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Background: The number of African immigrants in the United States of America (USA) 
grew 40-fold between 1960 and 2007, from 35,355 to 1.4 million with a third from the 
West African countries of Nigeria and Ghana. However, little is known about their health 
in comparison to Hispanic and Asian immigrants. The purpose of this study is to describe 
the prevalence of CVD risk factors/ health behaviors (i.e., hypertension, 
overweight/obesity, diabetes, hyperlipidemia, current smoking and physical inactivity), 
global CVD risk and also identify independent predictors of increased CVD risk by sex 
among West African immigrants (WAI). 
Methods: Cross-sectional study of West African immigrants (Ghanaians and Nigerians) 
aged 35–74 years in the Baltimore, Washington-D.C metropolitan area, USA. 
Results: The mean age of participants was 49.5±9.2 years and 58% were female. Males 
were more likely to be employed than females (90% vs. 72%; p=0.001).  Only 52% of 
participants had any health insurance. The majority (95%) had ≥1 CVD risk factors/poor 
health behaviors. Smoking was the least prevalent as only one male smoked and 
overweight/obesity was the most prevalent with 88% having a BMI≥25 kg/m2. Although 
females were significantly more likely to be treated for hypertension, males (71%) were 
more likely to have controlled BP than females (42%) [p=0.045].  Prior diagnosis of 
diabetes or fasting blood glucose level ≥126mg/dL was identified in 16% of the 
participants. Mean total cholesterol (TC) was 180.9±33.9mg/dL and 32% had TC level 
≥200mg/dL. With regards to physical activity, 44% were physically inactive defined as 
<150minutes/week of moderate or <75minutes/week of vigorous work-related or leisure 
physical activity. In multivariable analysis, in females, employment [0.18 OR (95%CI: 
0.075-0.44)] and having health insurance [0.35OR (95%CI 0.14-0.87)] were associated 
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with having a pooled ASCVD risk score ≥7.5%. In males, higher social support was 
associated with a 0.92 (95%CI: 0.84-0.98) odds of having ≥3 CVD risk factors/poor 
health behaviors but was not associated with pooled ASCVD Risk Score≥7.5%.   
Conclusion: The prevalence of CVD risk factors and poor health behaviors among a 
relatively young group of WAI is particularly alarming and suggests that the “healthy 
immigrant effect” may no longer hold for recent African immigrants. Employment and 
having health insurance were protective against high CVD risk in females but only higher 
social support was protective against high CVD risk in males. CVD prevention strategies 
in this population must be tailored to the unique needs of the WAI with consideration of 






Cardiovascular disease (CVD) remains the leading cause of death in the United 
States of America (USA). Considering that 1 in 3 deaths is attributable to CVD, the 
prevalence of CVD risk factors and associated poor health behaviors remains high.1  The 
Framingham Heart Study2,3,along with other longitudinal studies, have demonstrated that 
major CVD risk factors and poor health behaviors including  smoking, obesity, 
hypertension , hyperlipidemia, physical inactivity, and diabetes mellitus act 
synergistically to increase risk for CVD and death.  Similarly, the INTERHEART Study, 
one of the largest epidemiological global studies of CVD risk factors for acute 
myocardial infarction, demonstrated that these risk factors and poor health behaviors 
accounted for 90% of the population-attributable risk (PAR) in men and 94% in women.4 
Likewise, in Sub- Saharan Africa (SSA), CVD is quickly becoming a leading cause of 
death and disability as a result of the increasing prevalence of CVD risk factors attributed 
to the “epidemiological transition”; which is characterized by shifts in disease patterns 
and mortality patterns from infectious diseases to non-communicable disease as major 
causes of morbidity and mortality. 5  
The influx of African immigrants from SSA to the USA in the past two decades 
has been unprecedented.  The number of African immigrants to the USA grew 40-fold 
between 1960 and 2007, from 35,555 to 1.4 million, with 36% originating from West 
Africa. 6 Together, Ghanaian and Nigerian immigrants make up more than 30% of 
African Immigrants in the USA. The U.S. Census Bureau's 2005 American Community 
Survey enumerated 114,000 African immigrants in the Washington metropolitan area, 
accounting for about 11 percent of the area’s total immigrant population.7 Despite the 
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growing presence of this population in the USA, little is known about the prevalence of 
CVD risk factors, poor health behaviors and global CVD risk in this population.  This 
research gap stems from the fact that African immigrants in the USA are often lumped 
into the racial category of “Black/African-American” along with African-Americans and 
Afro-Caribbeans.  Also, research from other immigrant groups such as Hispanic and 
Asian immigrants cannot be generalized to African immigrants because of the diversity 
of economic, social and political backgrounds of immigrants. The “healthy immigrant 
effect” 8,9 suggests that new immigrants are healthier than their host counterparts due to 
self-selection and immigration policies while immigrants with serious health problems 
are denied entry into host countries is a well-accepted phenomenon. However, some 
studies have found that through the process of acculturation, the health of immigrants 
decline or improve with increasing years of residence in developed countries through the 
loss of culture-specific health protective practices or adoption of health behaviors of the 
host society. 9-11 Changes in socio-economic conditions, food supply, health systems and 
policies, and cultural traditions 12-15 experienced by immigrants have been posited as 
reasons for deteriorating or improving health. The purpose of this article is to present 
results from the “Afro-Cardiac Study” and describe the prevalence of CVD risk factors, 
poor health behaviors and global CVD risk (measured with the Pooled Atherosclerotic 
Cardiovascular Disease risk score)  in West African immigrants (WAI) and also identify 
factors associated with increased CVD risk.  
CONCEPTUAL FRAMEWORK  
A modification of the Precede–Proceed model (PPM)16, was the conceptual 
framework for the study and will guide future CVD prevention efforts in this population. 
(Figure 1.1). This ecological  framework integrates health assessment, health education, 
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social action, and behavioral change and maintenance principles.  To fulfil the aims of the 
study Phase 1 (Social Assessment), Phase 2 (Epidemiological, Behavioral and 
Environmental Assessment) and Phase 3 (Educational and Ecological Assessment) of the 
PRECEED portion of the conceptual framework were used to guide the examination of 
predisposing, reinforcing and enabling factors and their interplay with CV health 
behaviors, CVD risk factors and global CVD risk .  
METHODS 
Design and setting  
The “Afro-Cardiac” study was a community-based, cross-sectional study among 
first-generation WAI aged 35-74 years, born in Ghana or Nigeria and residing in the 
Baltimore- Washington, D.C metropolitan area. This study targeted Ghanaian and 
Nigerian immigrants, who compose a relatively homogeneous group, due to shared socio-
demographic, political, historical and linguistic factors. According to the 2005 American 
Community Survey, Ghanaians and Nigerians are two of the largest African-Born Black 
populations in the USA, with an estimated total population of 25,000, in the Washington 
D.C Metropolitan area.7 Quota sampling was used to ensure that comparable proportions 
of Ghanaians and Nigerians were recruited.   
Participants  
Participants were recruited from 7 churches attended by African Immigrants in 
the sampling area because the majority of African immigrants are affiliated with religious 
institutions. Also, faith-based settings provide access to ethnic minorities and a familiar 
and reassuring environment for targeting ‘hard-to-reach’ groups and have provided 
successful recruitment for other immigrants.17 Study participants were eligible based on 
the following criteria: (1) Adults between 35 and 74 years at the time of enrolment; (2) 
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Self-identify as WAI born in Ghana and Nigeria; (3) Reside in the Baltimore-Washington 
D.C. metropolitan area and (4) Able to read and write English and provide informed 
consent. Study participants were excluded from the study if they were pregnant, born in 
the USA or in another African country.  Participants with diagnosed CVD were also 
excluded because the Pooled Atherosclerotic Cardiovascular Disease risk score (Pooled 
ASCVD risk score) which is used in this study is derived from participants free of 
diagnosed CVD. 
Recruitment, screening and data collection procedures 
Preceding recruitment, the research team was trained on study procedures 
including obtaining informed consent and research compliance. The research team 
consisted of medical doctors, nurses, pharmacists and students affiliated with Johns 
Hopkins Medical Institutions who volunteered to assist with data collection.  
Participants were recruited between January 2013 and May 2014.  An online search 
of churches attended by African immigrants was performed and religious leaders 
were contacted to inform them about the study. The religious leaders who expressed 
interest in the study gave permission to recruit and perform study procedures on 
church premises. Study flyers were posted at the recruitment sites at least two 
weeks prior to the date of recruitment at each church. Participants fasted for 8-12 
hours prior to church attendance and all examinations were conducted in the 
morning. On the day of recruitment, the research team described the study to 
potential participants and conducted a brief screening to determine eligibility and 
written informed consent was obtained. Trained research assistants collected data, 
including capillary blood samples; blood pressure (BP), height and waist measures; 
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and self-administered structured questionnaire. The self-administered structured 
questionnaire included variables derived from the modified Precede–Proceed model 
and the WHO STEPS instrument. Following data collection, participants received 
brief, individualized counselling on reducing CVD risk. An American Heart 
Association (AHA) booklet on controlling CVD risk factors and poor health 
behaviors as well as a written summary of the participant’s CVD risk profile were 
provided. Participants were encouraged to share their profile with their primary care 
providers and received $10 remuneration for their participation. 
Ethics 
This study was approved by the Institutional Review Board of the Johns 
Hopkins Medicine Institutions.  
 
Measurement tools and variable definitions 
World Health Organization (WHO) (STEPS) Survey 
World Health Organization (WHO) Stepwise Approach to chronic disease 
risk factor surveillance (STEPS) Survey is a simple standardized method for collecting, 
analyzing and disseminating data on chronic disease risk factors in WHO member 
countries. Socio-demographic variables and health history data were obtained with a 
modified version of the WHO STEPS survey with some items tailored to improve 




Cardiovascular disease risk factors and poor health behaviors  
Overweight/Obesity and Central adiposity 
Height, weight, waist circumference and hip circumference were measured by 
trained research assistants for the purposes of assessing body mass index and body fat 
distribution. Overweight/obesity was defined as body mass index (BMI) ≥25kg/m2 and 
>30kg/m2, respectively. Waist circumference (WC) and waist-to-hip ratio (WHR) were 
measured in addition to BMI because the presence of central adiposity is more highly 
correlated with cardio-metabolic risk factors than elevated BMI. 19 A WC> 35inches and 
40inches and WHR > 0.85 and 0.90 in females and males respectively were considered 
CVD risk factors. 18 
Hypertension 
BP measurements were obtained with the Lifesource UA-767 Plus automatic 
blood pressure monitor. Three BP readings were obtained with 1 minute of rest in 
between measurements. All participants were seated comfortably with their backs 
supported and the upper arm bared without restrictive clothing and legs uncrossed.   The 
mean of the second and third systolic BP (SBP) and diastolic BP (DBP) were obtained. 
Hypertension was defined as self-reported hypertension or history of taking 
antihypertensive medications per the Seventh Joint National Committee (JNC-7) criteria 
for the management of high BP in adults. 20For participants with no history of 
hypertension, elevated BP was defined as mean SBP ≥140 mmHg or mean DBP 
≥90mmHg. Hypertension treatment was defined as self-report of taking antihypertensives 
in the past two weeks. Hypertension control, defined as the proportion with mean 
SBP<140mmHg and mean DBP<90mmHg if non-diabetic or mean SBP<130mmHg and 
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mean DBP<80mmHg if diabetic, was calculated for those with hypertension (treated or 
untreated) and for those on antihypertensive medications.  
Hyperlipidemia 
A  fasting lipid-profile (total cholesterol[TC], triglycerides [TG] and high-density 
lipoprotein cholesterol [HDL-C]) and glucose concentrations were obtained with a finger-
stick and measured using the POCT instrument-Cholestech LDX analyser  (Cholestech 
Corporation, Hayward, CA, USA).  Accuracy and precision of the Cholestech LDX 
analyser has been previously established. 21 LDL-C levels were measured indirectly using 
the Friedewald equation.   Hyperlipidemia was defined as self-reported history of taking 
cholesterol lowering medications in the past two weeks or total cholesterol ≥200mg/dL. 
In this community-based setting, point of contact testing was considered ideal, to limit 
invasive procedures, provide timely feedback to participants and minimize costs.  
Diabetes 
Diabetes was defined as self-reported p diagnosis of diabetes or fasting blood 
glucose levels greater than 126mg/dL.22 Fasting glucose levels were measured with the 
Cholestech LDX analyser.  Diabetes control was defined as fasting blood glucose levels 
≥130mg/dL.22 
Smoking history 
Smoking status (categorized as never, current, and former) was obtained from 
self-reported history in the modified WHO STEPS questionnaire. Participants were asked 




Participants responded to the Global Physical Activity Questionnaire (GPAQ) in 
the modified WHO STEPS questionnaire and were asked to report moderate and vigorous 
work-related and recreational physical activity. Participants reporting < 150 minutes per 
week of moderate intensity work-related/ recreational physical activity or < 75 minutes 
per week of vigorous intensity work-related or recreational physical activity were 
classified as not meeting the WHO physical activity recommendations.18 For statistical 
analyses, we dichotomized this variable as physically inactive versus physically active 
(vigorous or moderate intensity activity). 
Summative measure of CVD risk factors/poor health behaviors 
Having ≥3 CVD risk factors/poor health behaviors is associated with a 10-fold 
increase in CVD risk. 23,24. A summative measure of the number CVD risk factors/poor 
health behaviors was developed to reflect the multiplicative effect of because of CVD 
risk factors /poor health behaviors in both sexes and dichotomized this variable into <3 
and ≥3 CVD risk factors/poor health behaviors.  
 Pooled Atherosclerotic Cardiovascular Disease Risk Score  
We calculated sex-specific Pooled Atherosclerotic Cardiovascular Disease risk 
score (Pooled ASCVD risk score) using guidelines by Goff et al25 to estimate the risk of 
atherosclerotic CVD (ASCVD). This risk score has been shown to predict 10-year risk 
for developing ASCVD, defined as coronary death or nonfatal myocardial infarction, or 
fatal or nonfatal stroke. Variables included in the Pooled ASCVD risk score are sex, age, 
HDL-C, TC, diabetes status, SBP, treatment for hypertension, smoking status and race. 
Participants were considered to be at "elevated" risk if the predicted Pooled ASCVD risk 
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score predicted was ≥7.5%. 25 The Pooled ASCVD risk score is considered to be 
preferable to the Framingham 10-year CVD risk calculation in Blacks because the tool 
has been validated in contemporary population-based cohorts of Caucasians and African-
Americans drawn from the ARIC (Atherosclerosis Risk in Communities) study, 
Cardiovascular Health Study, and the CARDIA (Coronary Artery Risk Development in 
Young Adults) study, combined with applicable data from the Framingham Original and 
Offspring Study cohorts. 25  
Cardiovascular Disease Knowledge  
Cardiovascular disease knowledge, a predisposing factor, was measured with the 
Heart Disease Fact Questionnaire (HDFQ).26 The questionnaire contains 25 items and 
demonstrated an adequate internal consistency with Kuder-Richardson-20 formula of 
0.63   in this study. Items included in the questionnaire are: “A person always knows 
when they have heart disease “; “Smoking is a risk factor for heart disease” and “People 
with diabetes rarely have high cholesterol”. Participants responded “True” or “False” to 
the items and a sum score was developed from correct responses in the questionnaire.  
Social Support  
Social support, a reinforcing factor, was measured with the Enhancing recovery in 
coronary heart disease patients (ENRICHD) Social Support Inventory (ESSI). The ESSI 
is a 7- item self-administered survey which measures three defining attributes of social 
support including emotional, instrumental, and structural social support. 27Items were 
rated on a five- point Likert-scale ranging from “None of the time” to “All of the time” 
for the first 6 items. The7th item is a dichotomous response to the question, “Are you 
currently married or living with a partner?” with a positive response scored as 4 points 
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and a negative response scored as 2 points. The individual items on the ESSI are then 
summed for a total score, with higher scores representing greater social support. The 
ESSI reliability in this study was high with Cronbach’s alpha of 0.87.  
STATISTICAL METHODS 
We used independent t-tests and chi-square tests to determine differences in 
socio-demographic characteristics and cardiovascular disease risk by sex. Categorical 
data are summarized using percentages and 95% confidence intervals. Continuous data 
are reported using  mean ± standard deviation. To determine if the variables in our 
conceptual framework (predisposing, reinforcing and enabling factors) independently 
predicted having ≥3 CVD risk factors and poor health behaviors and Pooled ASCVD risk 
score ≥ 7.5% , we performed unadjusted and adjusted logistic analyses. For both 
outcomes, we fit separate logistic regression models for males and females due to the 
variation in prevalence of CVD risk factors and poor health behaviors by sex. A two-
tailed test with p<0.05 was considered statistically significant for all analyses.  
STATA®13 was used to perform all statistical analyses.  
RESULTS  
Sample characteristics 
A total of 256 WAI were recruited from 7 churches in the Baltimore-Washington, 
D.C metropolitan area. Three participants were excluded from the analysis due to missing 
data. The demographics of the sample are presented in Table 3.1. The mean age of 
participants was 49.5±9.2 years and 58% were female. A total of 152(60%) participants 
were born in Ghana and the rest were born in Nigeria. This was a very highly-educated 
group as 60% of the participants had at least college education. Males were significantly 
more likely to be employed than females.  The high level of education observed in 
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participants did not translate into higher incomes as only 36% reported a household 
income > $50,000 with males reporting significantly higher household income than 
females. Only 52% had health insurance and 77% reported being green-card holders or 
US citizens and the 23% reported being on a visa or declined to provide that information. 
Together, green-card holders and U.S citizens were significantly more likely to have 
health insurance than those on visas or those who declined to provide that information. 
(61% vs. 20%; p=0.000).  A majority (67%) had resided in the USA for 10 years or more 
with no differences by sex.  
Cardiovascular disease risk   
The majority of participants (95%) had at least one of the six CVD risk factors or 
poor health behaviors (hypertension, overweight/obesity, diabetes, hyperlipidemia, 
current smoking and physical inactivity). Many (80%) had more than one CVD risk 
factor or poor health behavior: 15% had only one, 26% had two, 30% had three, 15% had 
four, 7% had five and 2% had all six CVD risk factors or poor health behaviors.(Figure 
3.1) . Smoking was the least prevalent as only one male smoked and overweight/obesity 
was the most prevalent with 88% of the participants having a BMI≥25 kg/m2. With 
regards to elevated CVD risk, 54% of participants had ≥3 CVD risk factors/poor health 
behaviors and females were significantly more likely to have ≥3 CVD risk factors/poor 
health behaviors than males. (63% vs. 42%, p=0.002) However, when we used Pooled 
ASCVD risk score ≥7.5% as the indicator of elevated CVD risk, only 28% met this 
criterion with a higher percentage of males (35%) having Pooled ASCVD risk score 
≥7.5% than females(23%)[p=0.047]. The distribution of pooled ASCVD scores is 
provided in Figure 3.3. About 34% of the participants had a pooled ASCVD risk score 
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<2.5% and 13% had a pooled ASCVD risk score≥20%.  As shown in Figure 3.2, the 
distribution of risk score in this study is similar to that of the general U. S population.  
Hypertension 
The mean SBP and DBP were 128.4±19.3mmHg and 80.3±10.9 mmHg 
respectively with no significant differences by sex (Table 3.2).  A total of 40% of the 
participants had hypertension (prior diagnosis of hypertension or on antihypertensive 
medications). Among non-hypertensives, 20% of the participants had high blood pressure 
defined as mean SBP ≥140 mmHg or mean DBP ≥90mmHg or SBP ≥130 mmHg or 
mean DBP ≥80mmHg if diabetic. About half (53%) of those who had hypertension were 
on antihypertensive treatment with females more likely to report taking their 
antihypertensive medication than their male counterparts (64% vs. 36%; p=0.003). 
Although females were significantly more likely to be treated for hypertension than 
males, there was no significant difference in hypertension control in those taking 
antihypertensive medication by sex. We also observed a strong association (X2 =8.4191, 
p=0.004) between high waist circumference and hypertension in females but not in males 
(chi2 0.8417, p=0.359).  
Overweight/Obesity and Central adiposity 
Anthropometric measurements allowed us to determine the prevalence of 
overweight/obesity and central adiposity in the sample. The mean BMI was 29.8±4.8 
kg/m2 with females having significantly higher BMIs than males (31±5.1kg/m2 vs. 
28±3.9kg/m2; p<0.00001). (Table 3.2).   Similarly, 93% of females were considered 
overweight/obese in contrast to 81% of males (p=0.002). With regards to central 
adiposity, only 23% of males had WC >40inches while 75% of females had 
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WC>35inches (p<0.0001). Similar results were obtained with WHR where 69% of 
females versus 47% of males had a WHR ratio>0.85(females) and 0.90(males) (p=0.001).  
Diabetes  
A total of 16% of the participants had a prior diagnosis of diabetes or had fasting 
blood glucose levels ≥126mg/dL. (Table 3.2).  Of those participants, 13% had a prior 
diagnosis of diabetes with no differences by sex.  The mean number of years of diabetes 
diagnosis was 4.8±3.8years for males and 4.9±3.9years for females (p=0.9559). Females 
were significantly more likely to be taking medications to control their diabetes than their 
male counterparts. (80% vs. 43%; p=0.039). Of the diagnosed diabetics, 65% were 
treated with insulin or an oral glycemic agent in the past two weeks and there was no 
significant difference in diabetes control (fasting blood glucose<130mg/dL) by sex (57% 
vs. 63%; p=0.765).  We identified 15 participants (6%) who had no prior diagnosis of 
diabetes but had elevated fasting blood glucose (≥126mg/dL).   
 Hyperlipidemia 
The mean total cholesterol (TC) of the sample was 180.9±33.9mg/dL and 32% of 
participants had TC levels ≥200mg/dL. Only 2(15%) of the 14 participants who had total 
cholesterol ≥240mg/dL reported taking cholesterol lowering medications. The mean low 
density lipoprotein-cholesterol (LDL-C) level was 106±37.3mg/dL and 33% of 
participants had LDL-C levels greater than or equal to 130mg/dL. A third of participants 
had low (<40mg/dL in males, <50mg/dL in females) high density lipoprotein-cholesterol 
(HDL-C) with no differences in prevalence by sex. The mean triglyceride level in this 
sample was 107.5±86.7 mg/dL with no differences by sex. Only 9% of the sample had 
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elevated triglyceride levels (≥200mg/dL) with no significant differences by sex. (Table 
3.2).   
Physical Inactivity  
With regards to physical activity, 44% of participants reported low moderate 
(<150minutes/week) or vigorous (<75minutes/week) work-related or leisure physical 
activity. Of those participants, 29% reported not participating in work-related or leisure 
physical activity per week. According to WHO recommended levels of physical activity, 
only 56% met the recommended weekly physical activity guidelines with no significant 
sex differences. (Table 3.2).   
Determinants of Elevated Cardiovascular Disease Risk (≥3 CVD risk factors & poor 
health behaviors or Pooled ASCVD Risk Score≥7.5%)  
The predisposing, enabling, and reinforcing factors associated with having ≥3 
CVD risk factors or poor health behaviors as conceptualized within the conceptual 
framework are reported in Table 3.3 and 3.4. Analyses were stratified because of sex-
based differences in cardiovascular risk factor prevalence.  CVD knowledge which was 
considered a predisposing factor was high in this sample with a mean score of 20.5±2.8 
(maximum of 25points) but did not independently predict having ≥3 CVD risk factors/ 
poor health behaviors or ≥ pooled ASCVD risk score 7.5% in both sexes. Employment 
status, another predisposing factor did not independently predict both outcomes in males. 
In females, however, employment was associated with an 80% decreased odds of having 
a pooled ASCVD risk score ≥7.5% . Social support, a reinforcing factor, was 
operationalized as scores on the ESSI. The mean ESSI score was 28.7± 5.5 with no 
significant differences by sex. In males, higher ESSI scores was significantly associated 
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with an 8% lower odds of having ≥3 CVD risk factors & poor health behaviors but not 
having a pooled ASCVD risk score ≥7.5% . In females, this relationship between social 
support and having a higher risk for CVD was not observed. We examined having health 
insurance as an enabling factor and determined that in males, having health insurance was 
not significantly associated with having ≥3 CVD risk factors and poor health behaviors 
and  high pooled ASCVD Risk Score. However, in females, having health insurance was 
associated with 65 % lower odds having a high pooled ASCVD Risk Score.   
DISCUSSION  
To our knowledge, this is the first epidemiological study exploring the 
prevalence of major CVD risk factors and poor health behaviors and global 
ASCVD risk in African immigrants in the US.  In this contemporary group of 
WAI, we observed a high prevalence of major CVD risk factors and poor health 
behaviors. For every 10 participants, 8 had at least two CVD risk factors or poor 
health behavior and the majority had 3 or more; this calls for immediate attention 
and public health action to reduce the risk for CVD in this population.  This high 
burden of CVD risk factors and poor health behaviors is particularly troubling 
given the relatively young age of the participants; nearly 30% percentage were 
<45 years of age and 94% were <65years.  In many African countries, more than 
half of the CVD deaths are said to occur among persons between 30 and 69 years 
of age, a range that is 10 years younger than the equivalent age group in Europe 
and North America.28,29 Hence, African immigrants in the US may be at high risk 
for CVD events which may occur at  a younger age. However, there is currently no 
data on CVD events or death in African immigrants in developed countries to 
support our assertion.  In our study, males were significantly more likely to have a 
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Pooled ASCVD risk score≥7.5% than their female counterparts (7.7±6.4 vs. 
5.0±6.9, p=0.047). The distribution of scores was very similar to that of the US 
population 25 which suggests that our convenience sample closely resembled the 
distribution of pooled ASCVD scores in the general population (Figure 5). 
Assessing the global risk of ASCVD is clinically relevant to identify high-risk 
persons, motivate individuals to adhere to risk-reduction strategies and modify the 
intensity of risk-reduction efforts based on the total risk estimate. Hence, effective 
primary prevention in WAI requires an assessment of global risk to characterize the 
population and categorize individuals who will benefit from tailored risk reduction 
interventions.   
We conceptualized that predisposing (CVD knowledge, employment), 
reinforcing (social support) and enabling factors (health insurance) would each be 
associated with having elevated CVD risk (≥3 CVD risk factors & poor health 
behaviors or Pooled ASCVD Risk Score≥7.5%). In fact, we found a significant 
negative association between social support and elevated CVD risk in men and a 
negative relationship between employment and health insurance and elevated 
CVD risk in women. Social support is the emotional, instrumental, and financial 
aid obtained from one's social network30 and there is epidemiological evidence that 
low levels of social support; a psychosocial stressor, is associated with increased 
incidence of CVD and poor CVD outcomes. 31,32 From a life span perspective, 
immigration is a significant life transition through which previous social networks 
and social support may be lost and requires extensive adaptation by immigrants. 
Socioeconomic status is a powerful determinant of health and is inversely 
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associated with risk for CVD in high-income countries.33 However, this 
relationship is often paradoxical or weak in ethnic minorities with some studies34,35 
reporting no relationship between socioeconomic status and CVD. However, in our 
study we found that women who were unemployed had a higher risk for CVD than 
those who were employed. With regards to insurance status, U.S immigrants have 
some of the highest uninsured rates with 33.5% uninsured among immigrants 
compared to 12.9% of US-born residents.36 The uninsured rate in this study was 
remarkably high with almost half of the participants reporting no health insurance.  
Participants who were green-card holders or citizens were more likely to be 
insured than those who were not. This finding of high uninsured rate is troubling 
because the possession of health insurance facilitates the utilization of preventive 
services, health outcomes in acute and chronic diseases37and is associated with a 
40% decreased likelihood of premature death.38 Of note, data collection occurred 
during the implementation of the Patient Protection and Affordable Care Act 
(PPACA), hence it is possible that the current insurance rates in this population 
may be higher. The impact of this healthcare reform on the insurance rate of this 
population remains to be seen.  
Overweight/ obesity is a well-established risk factor for CVD4,39 and was 
most prevalent CVD risk factor with females having  significantly higher BMIs than 
males.    The 88% prevalence ( 81% of men and 93% of women) of 
overweight/obesity in  our sample is higher than the reported 68% prevalence (73% 
of men and 64%of women) prevalence in US adults1 and 76%  prevalence (69% of 
men and 82%) African-American adults. 40 Similar findings have been observed by 
 
78 
Agyemang and colleagues41 in Dutch Ghanaian immigrants(aged 18-60years) where 
90% of the participants were overweight/obese. Cultural perceptions may contribute 
the high prevalence of overweight/obesity in WAI because in West African societies, 
there is a positive social perception about overweight and obesity, as they are taken to 
represent signs of ‘good living’ and are associated with wealth, feminine beauty and 
freedom from HIV/AIDS.42,43 This perception could reinforce unhealthy lifestyles 
that contribute  to excess weight gain in WAI.    
Central adiposity is also linked to metabolic abnormalities, including insulin 
resistance, hyperinsulinemia, elevated triglycerides ,glucose intolerance and 
hypertension 44,45 and in this study females were more likely to have central 
adiposity than their male counterparts.  O’Connor and colleagues have found that in 
African immigrants, central adiposity may be more predictive of cardiometabolic 
disease because at a lower BMI and WC than African-Americans, African 
immigrants had more visceral adipose tissue as well as a higher rate of diabetes and 
prediabetes than African-Americans.46 In our study, although 88% of participants 
were considered overweight/obese, only 53% had a high waist circumference 
(>35cm in females, >40cm in males).  Overall, these finding suggests that the BMI 
may not be the most reliable indicator of cardiometabolic health in African 
immigrants though this requires further study.  
Hypertension is a major public health problem and in our study, the prevalence was 
as high as 40%. Although treatment of hypertension lowers CVD risk substantially, we 
found that only half of those with a prior hypertension diagnosis were taking any 
antihypertensives. Hypertension control was achieved in only 56% of those being treated 
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with antihypertensives and 48% of those not treated with antihypertensives. Our findings 
are well in line with the “rule of halves” where half of the cases were not known, half of 
those known were not treated and half of those treated were not controlled.47 Although 
not assessed in this study, compliance may be a barrier to hypertension treatment and 
control in WAI.  In Beune et al’s qualitative study 43 which explored how Ghanaian 
immigrants in the Netherlands managed hypertension drug treatment, participants stated 
that they believed fufu (a Western-African starchy staple) caused hypertension and altered 
their drug dosages for fear of addiction and inability to afford their medications.48,49 We 
observed a large sex difference in hypertension treatment where males were 
significantly less likely to be taking antihypertensives than females. Similar results 
have been observed in Dutch Ghanaian men who admitted lowering or discontinuing 
their prescribed antihypertensive medications for fear of the negative effects of 
antihypertensive medications on their sexual performance. 48 Future studies should 
explore whether WAI in the US hold similar beliefs. The high prevalence of 
hypertension and overweight/obesity in this sample could be attributed to low 
physical activity reported in Ghanaians and Nigerians50-52 or poor diet, as Ghanaians 
and Nigerians are said to consume dietary salt exceeding recommended limits53. 
Addressing hypertension and overweight obesity concurrently in WAI is critical in 
preventing target organ damage and CVD which is more prevalent in persons of 
African descent. 54 
Type 2 diabetes (T2D) is increasing in prevalence in Africa due to increasing rates of 
obesity, physical inactivity and urbanization.55 The high prevalence (16%) of diabetes in 
this sample may reflect trends that are being observed in SSA where urban residence is 
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associated with a 2 to 5 times higher risk of impaired glucose tolerance.56,57 This suggests 
that WAI may present with even higher risk of diabetes as a result of migration to the US.  
Since Blacks are said to be 3-5 times more likely to have T2D at a younger age and have 
higher morbidity and mortality from diabetes and CVD than Caucasians58 , primary 
prevention strategies should be implemented in WAI to prevent the development of type 
2 diabetes in WAI who are mostly overweight/obese. We identified undiagnosed diabetes 
in this study which suggests that screening efforts in this population must be improved.  
O’Connor et al.46 found that African immigrant men were more likely to have previously 
undiagnosed prediabetes (35% vs. 22%, p < 0.01) and diabetes (8% vs. 0%, p < 0.01) and 
in comparison to African-American men which may be explained by visceral adiposity 
and more beta-cell failure. The high prevalence of overweight/obesity and central 
adiposity indicates that if adequate and culturally-appropriate primary prevention efforts 
are not implemented, the prevalence of T2D may increase with increasing years of US 
residence. Oza-Frank and Venkat Narayan59 have also reported that compared to other 
immigrants in the US, African men ranked second (7.8%) in the prevalence of diabetes 
while African women (4.57%) ranked third. In Australia60, a 16% prevalence of diabetes 
has been reported in Ghanaian immigrants, which is identical to our findings in the US.  
Evaluating lipid profile is an integral aspect of assessing CVD risk. However, persons 
of African descent are said to exhibit normal lipid profiles in the presence of 
cardiometabolic disease.61 In our study, the lipid profile of the participants was favorable 
in comparison to the reported estimates in the general US population. Approximately a 
third of participants had high LDL-C, high TC and low HDL-C while 1 in 10 participants 
had high TG levels.  In 2008, the US average TC level for adults was about 197 mg/dL, 
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which is considered desirable1 and in our study, the average TC level was 181 mg/dL 
which is also desirable. Although persons of African descent exhibit favorable lipid 
profile characterized by high HDL-C levels61,62, it is unlikely that this atheroprotective 
trait will persist with the acquisition of other CVD risk factors and increased years of US 
residence. Also, the mean HDL-C level in this sample is higher than what has been 
observed in West Africans residing in Africa (35 mg/dL) 63 but the TG levels are normal 
and higher than West Africans residing in Africa(90mg/dL). 63Elevated TG levels were 
relatively absent in this group, despite the high prevalence of central adiposity. Hence the 
traditional definition of metabolic syndrome which relies on 5 metabolic risk 
factors(central adiposity, high TG, low HDL-C, high BP, and high FBG), may result in 
the underestimation of CVD risk for WAI. Our finding of high HDL-C conflicts with the 
low HDL-C level in West Africans in other studies 63-65, and should be explored further.  
One would expect that migration to the US might result in a decline of HDL-C levels due 
to dietary and physical activity changes. However, we found that mean HDL-C levels 
(53.9mg/dL) in our study closely matched those of the US population (52.5mg/dL)  
Physical inactivity increases the risk of overweight/obesity, CVD, stroke and 
metabolic diseases and may very well be one of the most important modifiable risk factors 
for CVD.66 Like many developing regions, epidemiological data on physical activity 
levels in West Africa is limited. The WHO has estimated that 7.9% of males and 15.1% 
of females were physically inactive in Ghana67 and in Nigeria, 41% of the population 
were considered physically inactive. 68 The low levels of physical activity in Africa may 
be partly explained by environmental and infrastructural barriers such as limited 
walkways and parks in cities for joggers for running and lack of recreational and sporting 
 
82 
facilities to encourage regular physical activity.69 Hence, prior to migration West 
Africans may not engage in recreational physical activity and this poor health behavior 
may persist post migration. Indeed, in our study, 44% of the participants (44%) did not 
meet the WHO physical activity recommendations and were considered physically 
inactive. Similar results were obtained in Ghanaian immigrants in the Netherlands where 
only 24% of participants engaged in physical activity for more than 30minutes for 5 
days/week. Increasing physical activity levels in WAI is an important public health 
challenge and should be addressed with culturally-appropriate recommendations to 
reduce the prevalence of overweight/obesity and CVD risk. Social support from friends, 
family and healthcare providers, perceived access to physical activity and recreational 
centers, enjoyable scenery and climate, frequently seeing others engaging in physical 
activity and more walkable neighborhoods are social and environmental factors that 
influence physical activity in ethnic minorities70and must be considered in public health 
programs that target WAI.  
 Smoking is the largest preventable cause of death and non-communicable disease 
globally and the prevalence of smoking in our study was very low with only one male 
participant reporting a history of smoking. Although, our recruitment of participants from 
churches may have led to social-desirability and an underestimation of smoking 
prevalence in WAI, we believe that our findings corroborate other studies which have 
found a low prevalence of smoking in West Africans. The prevalence of smoking in 
Ghana is among the lowest in SSA71 and Owusu-Dabo and colleagues72 found that the 
prevalence of self-reported current smoking was 3.8% (8.9% in males, 0.3% in females). 
Although reliable estimates of smoking prevalence in SSA are scanty, the World Bank 
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estimates that the prevalence of smoking in Ghanaian men is 10.62%73 and 2.6% in 
Ghanaian women74 and in Nigeria, 10.49% of males75 and 2.6% of females76 are said to 
be smokers.  The low prevalence of smoking in women in particular, is a typical finding 
in African countries and has been attributed to economic constraints and sociocultural 
contexts in which smokers are considered to be immoral.77  
 There are limitations to this study that are worth noting.  First and foremost, this 
was a cross-sectional study so no causal relationships can be established. Blood pressure 
levels were based on the elevated BP.  Since participants were recruited from churches in 
the Baltimore, Washington. D.C metropolitan area, they may not be representative of all 
WAI in the United States. It is possible that participants may have for instance 
underreported smoking behavior due to social desirability and health behaviors of church 
attendants may differ from non-attendants and may affect the generalizability of our 
results.  Since this was a cross-sectional study, we were unable to determine whether the 
pooled ASCVD risk score had adequate discrimination. Also ,the number of African 
Americans men was relatively low25 in the validation cohorts from which the Pooled 
ASCVD risk score is derived which creates some uncertainty with respect to the 
estimation of CVD risk in this study.  
 There are strengths to this study that must be considered. To our knowledge, this 
is the first community based epidemiological study of the prevalence of CVD risk factors 
and poor health behaviors in African immigrants in the United States and addresses a 
research gap in an ethnic minority population on whom data is scarce.  We also assessed 
the global risk of ASVD risk using the Pooled ASVCD risk score which has been 
recommended by the American Heart Association and American College of Cardiology25 
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to replace the traditional Framingham CVD risk score. 78 Furthermore, we utilized a point 
of care testing system which meets all relevant National Cholesterol Education Program 
(NCEP) guidelines 79  and allowed for the provision of immediate counselling that could 
lead to behavior changes and healthier lifestyles. The utilization of WHO STEPS 
questionnaire which is a cost-effective and standardized surveillance method enhances the 
comparability of the results obtained from this study to epidemiological studies conducted 
in West Africa.  
CONCLUSION 
The “Afro-Cardiac study” complements the existing literature on CVD 
epidemiology in immigrants in developed countries and provides invaluable insights 
in a growing yet understudied population of WAI.  Overall, our observation is that 
the “healthy immigrant effect” where immigrants had less obesity, better 
cardiometabolic health than African-Americans80,81, may not hold for this current 
generation of African immigrants. The prevalence of CVD risk factors and poor 
health behaviors among a relatively young group of WAI is particularly alarming. 
Males had a significantly higher global CVD risk although females had a striking 
prevalence of overweight/obesity. Employment was protective against high CVD 
risk in females and higher social support was protective against high CVD risk in 
males.  In females, not having health insurance was associated with higher CVD 
risk. Primary prevention strategies including early detection and adequate control of 
traditional risk factors are critical to combating the global burden of CVD.  Early 
intervention with lifestyle changes and medical management  may represent an 
opportunity to prevent the health of WAI from deteriorating upon migration to the 
US. Prevention strategies in this population must be tailored to the unique needs of 
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the WAI with consideration of socioeconomic status and sex. Larger 
epidemiological studies are needed to confirm our findings.  Longitudinal studies 
are also needed to examine the evolution of cardiovascular disease risk in WAI 
residing in the US and establish a causal relationship between the variables explored 
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Table 3.1. Demographic Characteristics  of Sample 
 Characteristic 








Age 49.5±9.2 49.7±9.2 49.3±9.2 0.7196 
Educational status      
    <High School  61(25) 19(18) 42(29) 0.055 
     High School  38(15) 14(13) 24(17)  
     ≥College  150(60) 72(69) 77(54)  
Employed  181(79) 81(90) 100(72) 0.001** 
Household Income      
      <$25,000 44(18) 16(15) 28(20) 0.007** 
     $25,000-$50,000 113(46) 39(38) 74(52)  
     >$50,000 88(36) 49(47) 39(28)  
Health Insurance, Yes 127(52) 56(55) 71(49) 0.387 
≥10 years of US residence (%) 170(67) 81(76) 89(61) 0.008** 
Green-Card/Citizen 194(77) 84(80) 110(75) 0.385 






















Table 3.2. Cardiovascular Disease Risk of Sample 







Systolic blood pressure(mmHg) 128.4±19.3 130.2±19.8 127.1±19.0 0.223 
Diastolic blood pressure (mmHg) 80.3±10.9 79.9±11.6 80.7±10.4 0.594 
Elevated blood pressure a 28(20) 11(20) 17(21) 0.945 
Hypertension diagnosis  b 98(40) 40(39) 58(41) 0.785 
    Hypertension treatment c  63(53) 17(36) 46(64) 0.003** 
    Hypertension Control(On antihypertensives)d 24(56) 9(75) 15(48) 0.115 
    Hypertension Control(No antihypertensives)e 11(48) 7(58) 4(36) 0.292 
Diabetes diagnosis or FBG>126mg/dL 40(16) 18(17) 22(15) 0.594 
Diabetes diagnosis f 30(13) 14(15) 16(12) 0.449 
      On insulin/oral glycemic agents 19(65) 7(50) 12(80) 0.089 
      Diabetes Control  18(60) 8(57) 10(63) 0.765 
Low density lipoprotein-cholesterol(LDL-C) 106.0±37.3 109.6±30.3 103.4±41.5 0.202 
       LDL-C ≥130(%) 84(33) 38(36) 46(31) 0.448 
High density lipoprotein-cholesterol(HDL-C) 53.9±17.9 48.8±14.6 57.6±19.2 <0.001*
* 
       HDL-C<40(M)/<50(F) (%) 74(29) 25(24) 49(33) 0.093 
Total Cholesterol (TC) 180.9±33.9 178.1±29.7 183.7±37.3 0.242 
       TC≥200 69(27) 28(26) 41(28) 0.795 
Triglycerides(TG) 107.5±86.7 113.3±83.9 103.5±88.6 0.375 
       TG≥200 23(9) 11(10) 12(8) 0.546 
Body Mass Index  (kg/m2)* 29.8±4.8 28.4±3.9 30.8±5.1 <0.001*
* 
        Normal(18.5-24.9) 30(12) 20(19) 10(7) 0.002** 
        Overweight(25-29.9) 112(45) 51(49) 61(43)  
        Obese(≥30) 105(43) 33(32) 72(50)  
Waist Circumference>35(F)/40(M)* 127(53) 24(23) 103(75) <0.001*
* 
Waist to Hip ratio>0.90(M)/0.85(F)* 151(60) 50(47) 101(69) 0.001** 
Current tobacco smoker 1(0.4) 1(1) 0(0) 0.236 
Physical Inactivity 135(56) 58(57) 77(55) 0.754 
Pooled ASCVD Risk Score  * 6.1±6.8 7.7±6.4 5.0±6.9 0.002** 
       Pooled ASCVD Risk Score ≥ 7.5  66(28) 33(35) 33(23) 0.047** 
 
99 
p<0.05;  Elevated blood pressure a - Defined as proportion of total sample with mean SBP ≥140 mmHg or mean DBP ≥90mmHg/ 
mean SBP ≥130 mmHg or mean DBP ≥80mmHg  if diabetic. Hypertension diagnosis b - Defined as proportion of total sample 
who self-reported hypertension diagnosis or history of taking antihypertensives per JNC-7 criteria.;  ; Hypertension treatment  c -
Defined as proportion of those diagnosed with hypertension who self-reported a history of taking antihypertensives in the past 
two weeks; Hypertension control(on antihypertensives) d- Defined as proportion of those diagnosed with hypertension and 
treated with antihypertensives who had  mean SBP<140mmHg and mean DBP<90mmHg if non-diabetic or mean 
SBP<130mmHg and mean DBP<80mmHg if diabetic  ; Hypertension control(no antihypertensives) e - Defined as proportion of 
those diagnosed with hypertension who were not treated with antihypertensives but had mean SBP<140mmHg and mean 
DBP<90mmHg if non-diabetic or mean SBP<130mmHg and mean DBP<80mmHg if diabetic  . f- Defined as provider diagnosed 





Table 3.3: Multivariable logistic regression models  for determinants of 
≥3 CVD risk factors & poor health behaviors  
  
 Males(N=106) Females (N=147) 
 Unadjusted Adjusteda Unadjusted Adjusteda 




        
CVD Knowledge 1.02(0.89-1.16) 0.766 1.06(0.92-1.22) 0.386 1.09(0.97-1.23) 0.159 1.09(0.96-1.23) 0.174 
Employment 
ref (Unemployed) 
0.59(0.20-1.79) 0.361 0.76(0.22-2.55) 0.657 0.54(0.25-1.20) 0.132 0.55(0.24-1.27) 0.160 
REINFORCING FACTOR         
Social Support 
 
0.92(0.85-0.98) 0.012 0.91(0.84-0.98) 0.009** 0.94(0.88-1.01) 0.102 0.94(0.88-1.01) 
 
0.110 
ENABLING FACTOR          
Health insurance 
ref (Uninsured) 
0.97(0.44-2.09) 0.938 1.11(0.48-2.58) 0.807 0.65 (0.33-1.27) 0.210 0.76(0.38-1.53) 0.439 




Table 3.4: Multivariable logistic regression models  for determinants of 
Pooled ASCVD Risk Score≥7.5% 
 
 Males (N=106) Females (N=147) 
 Unadjusted         Adjusteda          Unadjusted Adjusteda  
Variables OR(95%CI) P-value  OR(95%CI) P-value       OR(95%CI) P-value OR (95%CI) OR 
PREDISPOSING FACTORS 
  
         
CVD Knowledge 1.04(0.90-1.18) 0.612  1.09 (0.94-1.26) 0.281 0.93(0.81-1.06) 0.278 0.91(0.78-1.06) 0.232 
Employment 
ref (Unemployed) 
0.50(0.17-1.50) 0.214  0.47(0.14-1.54) 0.212 0.15(0.07-0.35) <0.0001 0.18(0.075-0.44) <0.0001 
REINFORCING 
FACTOR  
         
Social Support 
 
      0.95(0.89-1.01) 0.110  0.94(0.87-1.01) 0.081 0.98(0.91-1.05) 0.519 0.97(0.89-1.06) 0.486 
ENABLING FACTOR           
Health insurance 
ref (Uninsured) 
        1.17(0.53-2.57) 0.703  1.48 (0.14-1.54) 0.212 0.28(0.12-0.64) 0.003 0.35(0.14-0.87) 0.024 
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Acculturation is associated with Cardiovascular Disease Risk in West African 










Background: Cardiovascular disease (CVD) is the leading cause of death in the United 
States (U.S.) and the burden of CVD risk factors/poor health behaviors is high in ethnic 
minorities.  In studies of immigrants, acculturation has been associated with the 
prevalence of CVD risk factors/poor health behaviors and CVD risk. We investigated 
whether this was true of the burgeoning African immigrant population in the U.S. 
Methods: Cross-sectional study of African immigrants (Ghanaian and Nigerian-born) 
aged 35–74 years in the Baltimore, Washington-D.C metropolitan area, U.S. 
Results: Participants (n=253) had a mean age of 49.5±9.2 years and 58% 
were female. The mean length of U.S residence was 13.6±8.8 years. The prevalence of 
CVD risk factor/poor health behavior was high with the exception of hyperlipidemia and 
smoking.  Residing in the U.S. for ≥10 years was significantly associated with a 5-fold 
(95%CI: 1.28-20.33) and 8-fold (95%CI: 2.09-30.80) odds of overweight/obesity and 
having elevated CVD risk respectively in males. Females who had resided in the U.S. for 
≥10 years were 2.60 times (95%CI: 1.04-6.551) more likely to be diagnosed with 
hypertension than newer residents. Participants also were classified according to 
acculturation strategy as follows: Integrationists, 166(66%); Traditionalists, 80(32%); 
Marginalists, 5(2%); or Assimilationists, 2(1%). Integrationists had a 0.46(95% CI: 0.24-
0.87) lower odds of having ≥3 CVD risk factors/poor health behaviors and 0.38(95% CI: 
0.18-0.78) lower odds of having a Pooled ASCVD risk score ≥7.5% than Traditionalists.  
 
Conclusion: Although increasing years of US residence was associated with CVD risk, 
participants who were Integrationists (equally identified with the American and African 





more with the African culture). Hence, ensuring the successful integration of African 
immigrants might reduce the risk of CVD in new African immigrants.  These findings 
























Cardiovascular disease (CVD) is the leading cause of mortality and morbidity in 
the United States (U.S.), accounting for more than 40% of all deaths, with ethnic 
minorities bearing a disproportionate burden of disease.1 The prevalence of CVD risk 
factors and poor health behaviors including hypertension, diabetes, overweight/obesity 
and physical inactivity is also concerning.1  
Current trends in globalization have resulted in the migration of Africans in 
Sub-Saharan Africa (SSA) to developed regions such as Europe and the U.S.  The 
number of African immigrants from SSA in the U.S. increased about 40-fold 
between 1990-2010.2  Compared to Africans residing in SSA, those residing in 
industrialized societes3-5 have a higher prevalence of CVD risk factors although an 
epidemic of CVD and metabolic diseases is underway due to the epidemiological 
transition.6-8 The causes of increased risk for CVD in African-descent populations in 
the diaspora are understood incompletely, they may involve socio-economic, 
environmental, lifestyle changes, and cultural changes9,10.  In the U.S., Okafor et 
al11reported that dietary change was associated with poorer current self-rated health 
in African immigrants who participated in the 2003 New Immigrant survey. 
Similar to other immigrant groups in the U.S.12-14, it is likely that acculturation 
may be associated with the prevalence of CVD risk factors and poor health behaviors and 
elevated risk for CVD risk in African immigrants.  Acculturation has been defined as the 
“resulting phenomenon when groups of individuals with different cultures come into 
continuous first-hand contact, and subsequent changes in the cultural patterns of either or 





different industrialized societies may be detrimental or beneficial to overall health. For 
instance, in Hispanics, acculturation has been associated with both positive and negative 
health behaviors. With regards to conferring a lower risk for CVD, increased acculturation 
had a negative association with increasing body mass index (BMI) and a positive 
association with improved exercise habits 16, reduced prevalence of obesity and diabetes 
in males and females 17 in Hispanic Americans. Notably, in the Hispanic Health and 
Nutrition Examination Survey (HHANES), low acculturation was related to higher 
prevalence of diabetes and its neuropathic complications in the absence of routine health 
care. 18 The studies suggesting that increased acculturation increases risk for CVD 
outnumbered those that show that acculturation improves health. 19,20,21,22  In Hispanic 
and Asian immigrants, increased acculturation has been found to have a positive 
association with greater frequency of smoking.19,20, poor exercise habits 21 and self-
reported hypertension22  coronary artery disease, diabetes and carotid artery intima media 
thickness.23 
The relationships between acculturation and CVD risk factors, poor health 
behaviors and CVD are significant, complex but often inconsistent in prior studies. 
However, these studies are limited to Hispanic and Asian immigrants residing in the 
U.S. and to date there have been no published studies on the association between 
CVD risk and acculturation in African immigrants. Considering the complex and 
inconsistent relationships between acculturation and CVD observed in other 
immigrant groups, we sought to examine this relationship in the cross-sectional 
“Afro-Cardiac study” of acculturation and CVD in African immigrants(Ghanaian 





acculturation and CVD risk factors, poor health behaviors as well as elevated 10-
year risk for CVD using the new Pooled Atherosclerotic Cardiovascular Disease 
(ASCVD) risk score. We hypothesized that the prevalence of CVD risk factors, 
poor health behaviors and elevated CVD risk would be significantly associated 
with acculturation.  
METHODS 
Study design and setting 
The “Afro-Cardiac Study” was a cross-sectional epidemiological study of West 
African immigrants(WAI)[Ghanaian or Nigerian born] who reside in the Baltimore-
Washington D.C. metropolitan area.  The participants were recruited between January 
2013 and May 2014 from 7 churches whose members were mostly African.  Ghana and 
Nigeria were chosen because they are both English-speaking West African countries, 
which have similar socio-demographic, political and historical backgrounds and together 
make up 30% of West African immigrants(WAIs) in the Baltimore-Washington D.C. 
metropolitan area. 24 Quota sampling was used to ensure that comparable proportions of 
Ghanaians and Nigerians were recruited.   
Participants 
Participants were considered eligible if they met the following criteria: (1) Adults 
ages 35 and 74 years old;  (2) Self-identify as African immigrant born in Ghana or 
Nigeria, (3) Reside in the Baltimore ,Washington D.C. metropolitan area and (4) Able to 
read and write English and provide informed consent.  Participants were excluded from 
the study if they were pregnant, born in the U.S. or in another country another African 





also excluded from this study as the Pooled ASCVD risk score was derived from a 
sample free of clinically diagnosed CVD. 
Recruitment, screening and data collection procedures 
A team of trained research assistant who were medical doctors, nurses, 
pharmacists and students affiliated with Johns Hopkins University and Medical 
Institutions assisted with data collection.  Preceding recruitment, the principal 
investigator performed an online search of African churches within the sampling area 
and contacted the religious leaders to inform them about the study.  Religious leaders 
then provided written consent for the study procedures to be conducted on church 
premises. All participants remained fasting on the morning of the study.  Interested 
participants were initially screened to determine eligibility and then provided 
written informed consent. Participants completed a modified version of the World 
Health Organization Stepwise Approach to Disease Surveillance (WHO-STEPS) 
questionnaire to determine socio-demographic characteristics and health history.  
The trained research team obtained blood pressures, anthropometric 
measurements and capillary blood samples following recruitment and consent to 
avoid loss to follow-up between consent and data collection. After data collection, 
participants were counseled individually on reducing CVD risk.  An American Heart 
Association booklet on CVD risk reduction and a written summary of the 
participants’ CVD risk profile was provided.  
Ethics 
The Johns Hopkins Medicine Institutional Review Board provided ethics 






Variable definitions and measurement  
Cardiovascular disease risk factors, poor health behaviors and elevated CVD risk   
Hypertension 
Hypertension diagnosis was defined as self-reported hypertension or history of 
taking antihypertensives per the Seventh Joint National Committee (JNC-7) criteria for 
the management of high blood pressure (BP) in adults. 25 In participants without a history 
of hypertension, we defined elevated BP as mean SBP ≥140 mmHg or mean DBP 
≥90mmHg. Hypertension treatment was defined as self-report of taking antihypertensive 
medications in the past two weeks. Hypertension control for those on antihypertensives 
was defined as proportion of those diagnosed with hypertension and treated with 
antihypertensives with mean SBP<140mmHg and mean DBP<90mmHg . Hypertension 
control, defined as the proportion with mean SBP<140mmHg and mean DBP<90mmHg 
if non-diabetic or mean SBP<130mmHg and mean DBP<80mmHg if diabetic, was 
calculated for those with hypertension (treated or untreated) and for those on 
antihypertensive medications.  
Overweight/obesity 
Overweight/obesity was defined as body mass index (BMI) ≥25kg/m2 and  >30kg/m2, 
respectively. Waist circumference (WC) was measured in addition to BMI because the 
presence of central adiposity is more highly correlated with cardio-metabolic risk factors 
than elevated BMI. 26 A WC> 35inches and 40inches in females and males respectively 






We obtained a fasting lipid-profile (total cholesterol [TC], triglycerides [TG] and 
high-density lipoprotein cholesterol [HDL-C]) with the point-of-care-testing system 
Cholestech LDX analyser (LDX) [(Cholestech Corporation, Hayward, CA, U.S.)  
Accuracy and precision of the Cholestech LDX analyser has been previously 
established.28  
Diabetes  
Diabetes was defined as self-reported p diagnosis of diabetes or fasting blood 
glucose levels greater than 126mg/dL.29Fasting glucose levels were measured with the 
Cholestech LDX analyser.  Diabetes control was defined as fasting blood glucose levels 
≥130mg/dL. 29 
Physical inactivity 
Participants were asked to report moderate and vigorous work-related and 
recreational physical activity in the Global Physical Activity Questionnaire (GPAQ). 
Those who reported engaging in no moderate intensity work-related/ recreational 
physical activity, < 150 minutes per week of moderate intensity work-related/ 
recreational physical activity or < 75 minutes per week of vigorous intensity work-related 
or recreational physical activity were classified as not meeting the WHO physical activity 
recommendations.27 For statistical analyses, we dichotomized this variable as physically 
inactive versus physically active (vigorous or moderate intensity activity). 
Smoking history 
Smoking history was determined by self-report and participants were asked to 





Elevated CVD risk measure: Sum of CVD risk factors/poor health behaviors 
  In order to determine the elevated CVD risk in participants, we created a 
composite measure of the number of CVD risk factors/poor health behaviors 
(hypertension, diabetes, overweight/obesity, smoking, hyperlipidemia, physical 
inactivity). Scores ranged from 0 to 6. In our analyses, we dichotomized the sum score 
into <3 and ≥3 CVD risk factors/poor health behaviors. Participants with ≥3 CVD risk 
factors/poor health behaviors were considered to have an elevated CVD risk.  
Elevated CVD risk measure: Pooled Atherosclerotic Cardiovascular Disease Risk  
We calculated sex-specific Pooled Atherosclerotic Cardiovascular Disease risk 
score (Pooled ASCVD risk score) using guidelines by Goff et al30 to estimate the 10-year 
primary risk of atherosclerotic cardiovascular disease (ASCVD). Variables included in 
the Pooled ASCVD risk score are sex, age, HDL-C, TC, diabetes status, SBP, treatment 
for hypertension, smoking status and race. Participants were considered to be at high risk 
if their calculated Pooled ASCVD risk score was ≥ 7.5%. 
Acculturation  
Length of residence 
Length of residence has been used extensively12,14 as a proxy measure to 
determine acculturation level in immigrants and is useful in circumstances where using a 
more comprehensive acculturation measure is unfeasible.31 To determine the length of 
residence in this study, participants were asked to respond to the question “What year did 
you come to live in the US?” The length of residence was calculated as the current year 
minus the year of migration to the US. In addition to examining length of residence as a 





versus ≥10 years. We used this categorization because previous studies have suggested 
that CVD risk factors increased substantially after residing in the US for ≥10 years, thus 
suggesting a threshold effect.14,32 
Psychological Acculturation Scale 
The Psychological Acculturation Scale was originally developed by Tropp et al33 
to assess an individual’s sense of emotional attachment to, belonging within, and 
understanding of the Anglo American and Latino-Hispanic cultures. The original 
instrument consisted of 10 items on individual’s psychological responses to differing 
cultural contexts. Items were applied to both the American and African culture and were 
rated on a 5-point Likert scale ranging from “Strongly Disagree to Strongly Agree”. (See 
Table 4.1) 
Behavioral Acculturation 
Two additional items were added to the acculturation instrument to assess 
behavioral acculturation. (See Table 4.1.)  Participants were asked how often they spent 
time with American/Ghanaian/Nigerian people and items were rated from “Never” to 
“Always”.  Participants were also asked how many American/Ghanaian/ Nigerian 
friends  they had and their responses ranged from “None” to “Very Many”. 
Cultural identity 
Cultural identity was assessed with the items “I feel American” and I feel 
Ghanaian/Nigerian”. Items were rated on a 5-point Likert scale ranging from “Strongly 







We determined acculturation strategies used by participants by calculating a 
composite mean score from the Psychological Acculturation Scale, Behavioral 
Acculturation Scale and Cultural identity. The acculturation instrument assessed beliefs 
and behaviors along two dimensions (D1: Relative preference for maintaining the 
Ghanaian/Nigerian ethnocultural group and D2: Relative preference for having contact 
with and participating in the American culture.) These two scores obtained from D1 and 
D2 were then used to identify four acculturation strategies-Traditionalist, Integrationist, 
Assimilationist, and Marginalist. A Traditionalist resists acculturation and chooses not to 
identify with another culture and retains separate ethnic identification, behaviors, beliefs, 
practices and values.34 In this study, a Traditionalist was defined as a participant with 
mean D1 score≥3 and mean D2 score <3. An Integrationist develops a bicultural 
orientation and successfully integrates both cultures and identifies and feels comfortable 
with both groups. 34  We defined an Integrationist as a participant with mean D1 score ≥3 
and mean D2 score ≥3. An Assimilationist loses his or her original cultural identity and 
subsequently acquires a new identity in the second culture. In this study, an 
Assimilationist was defined as a participant with mean D2 score ≥3 and mean D1 score 
<3. A Marginalist gives up his or her original culture for identification with another 
culture only to be rejected by the new culture. This individual therefore no longer 
identifies with either culture.34  We defined a Marginalist as a participant with mean D1 
score <3 and mean D2 score <3. The Cronbach’s alphas for D1 and D2 were 0.94 and 





STATISTICAL METHODS  
The statistical analyses were designed to meet 4 goals. The first goal was to 
describe the demographic characteristics, prevalence of CVD risk factors/poor health 
behaviours and elevated CVD risk (≥3 CVD risk factors/poor health behaviors & Pooled 
ASCVD risk score ≥7.5%.  Continuous variables were reported as mean ± SD and 
categorical variables were reported as n(%) .  The second goal was to determine whether 
length of residence (a proxy measure for acculturation) independently predicted each 
CVD risk factor/poor health behavior. Hence, six multiple logistic regression models 
were fitted with length of residence in the U.S. as the primary independent variable 
(reference group <10years).  To account for confounding, we adjusted for age, sex, 
education, income, insurance and employment. These covariates were included due to 
their clinical relevance, results obtained in univariate analysis and previous studies. In 
previous studies, these covariates confounded the association between length of residence 
in the US and presence of a CVD risk factor/poor health behavior.14,35 For each CVD risk 
factor and poor health behavior, we fitted separate for males and females due to the 
variation in the associations between CVD risk factors and poor health behaviors and 
acculturation by sex.20,36 In the model where overweight/obesity was the main outcome, 
physical activity was also added as a covariate. In the model where the dichotomized 
pooled ASCVD risk score was used as the outcome, age was not included as a 
confounder because age is used to calculate the pooled ASCVD risk score.  Smoking was 
not included as an outcome because only one participant smoked. The third goal was to 
determine if there were any significant differences in demographic characteristics, 
prevalence of CVD risk factors/poor health behaviors and elevated CVD risk by 





and Marginalists respectively, comparisons were performed for Traditionalists versus 
Integrationists. Independent t-tests and chi-square tests were used to compare continuous 
and categorical variable respectively. This analysis allowed us to determine the construct 
validity of the acculturation instrument in this study as significant differences were 
expected between the two groups on demographic characteristics, prevalence of CVD 
risk factors/poor health behaviors and elevated CVD risk. Finally, to determine whether 
acculturation(length of residence and acculturation strategy) independently predicted 
having ≥3 CVD risk factors/poor health behaviors or Pooled ASVD risk score ≥7.5, we 
performed multivariable logistic regression analyses adjusting for sex, education, income, 
insurance and employment. A two-tailed alpha (α) of 0.05 was specified in all analyses.  
RESULTS  
Sample characteristics  
We recruited 256 African immigrants (Ghanaian or Nigerian born) from 7 
churches in the Baltimore-Washington, D.C. metropolitan area. Three participants were 
excluded from the analysis due to missing data. The demographic and CVD risk 
characteristics of the sample are presented in Table 4.2 and Figure 4.1. The mean age of 
participants was 49.5±9.2 years and 58% were female. A total of 60% were born in 
Ghana and the rest in Nigeria. This was a very highly-educated group as 60% of the 
participants had at least college education. Male participants were significantly more 
likely to be employed than their female counterparts (90% vs. 72%; p=0.001).  The high 
level of education observed in participants did not translate in higher incomes as only 
36% reported a household income greater than $50,000 with males reporting significantly 
higher household income than females (47% vs. 28%; p=0.0007). Only 52% had health 





being on a visa or declined to provide that information. Together, green-card holders and 
U.S citizens were significantly more likely to have health insurance than those on visas or 
those who declined to provide that information. (61% vs. 20%; p<0.0001).  A majority 
(67%) had resided in the U.S. for 10 years or more with no differences by sex. The mean 
SBP and DBP were 128.4±19.3mmHg and 80.3±10.9 mmHg respectively with no 
significant differences by sex. About half (53%) of those who had hypertension were on 
antihypertensive treatment and half of those had controlled BP. The mean BMI was 
remarkably high at 29.8±4.8 kg/m2 and half of the participants had a high waist 
circumference (>35females, >40males). With regards to physical activity, 44% of 
participants reported low moderate (<150minutes/week) or vigorous (<75minutes/week) 
work-related or leisure physical activity. Only one participant reported smoking in this 
study.  
Association between demographic characteristics, CVD risk factors/poor health 
behaviors, elevated CVD risk and Acculturation Strategy  
 To establish construct validity of the acculturation strategies that were 
identified, we examined expected associations with demographic variables and CVD risk 
factors/poor health behaviors and elevated CVD risk. As shown in Table 4.3, a higher 
proportion of females than males were Traditionalists (41% vs. 19 %, p<0.0001)). 
Traditionalists were older than Integrationists when they migrated to the U.S. (39.5 
±11.5 years vs. 33.9 ± 8.0 years, p<0.0001).  Also, Integrationists had resided in the U.S. 
for an average of 4 years longer (15.0±8.9years vs. 10.8±7.6 years, p=0.0003) and spent a 
greater percentage of their lives in the U.S. (29.7±14.9 vs. 21.7±14.7, p=0.0001)than 





p=0.013) and had higher incomes(x2 statistic =10.1, p=0.006) than Traditionalists.  There 
was no significant difference in citizenship and health insurance status between 
Integrationists and Traditionalists.  As illustrated in Figure 4.1, the prevalence of CVD 
risk factors, poor health behaviors and elevated CVD risk (≥3 CVD risk factors/poor 
health behaviors and Pooled ASCVD risk score ≥7.5%) was generally higher in 
Traditionalists than Integrationists. However, a significant difference was observed in the 
prevalence of high waist circumference (67% vs. 46%, p=0.003) and having ≥3 CVD risk 
factors/poor health behaviors (65% vs. 49%, p=0.017) for Traditionalists than 
Integrationists respectively.  Although not shown in Figure 1, hypertensive 
Integrationists were more likely to have controlled BP than hypertensive Traditionalists 
(54% vs 26%, p=0.010) 
Association between Length Residence and CVD Risk Factors, Poor Health Behaviors 
and Elevated CVD Risk 
Residing in the U.S. for ≥10 years was significantly associated with a 5-fold 
(95%CI: 1.28-20.33) odds of being overweight or obese in males but this relationship did 
not hold in females. Males residing in the U.S for ≥10 years had an 8-fold (95%CI: 2.09-
30.80) higher odds of having a high pooled ASCVD Risk Score. Female participants who 
had resided in the U.S. for ≥10 years were 2.60(95%CI: 1.04-6.551) times more likely to 
be diagnosed with hypertension than those who were newer residents. (See Tables 4.4 
and 4.5)   
Association between acculturation and elevated CVD risk 
Since acculturation was assessed with length of U.S. residence (proxy) and 





regression analysis. (See Table 4.6) In the adjusted analysis, increasing years of 
U.S. residence was significantly associated with having ≥3 CVD risk factors/poor 
health behaviors (AOR: 1.06, 95%CI-1.0-1.10) and Pooled ASVD risk score ≥7.5 
%( AOR: 1.09, 95%CI -1.05-1.13). In the adjusted analysis with acculturation 
strategy as the main predictor, we observed that Integrationists had a 0.46(95% CI: 
0.24-0.87) lower odds of having ≥3 CVD risk factors/poor health behaviors and 
0.38(95% CI: 0.18-0.78) lower odds of having a Pooled ASVD risk score ≥7.5% 
than Traditionalists.  
DISCUSSION  
The primary objectives of this study were to examine the associations between 
acculturation and CVD risk factors and poor health behaviors as well as elevated CVD 
risk in WAIs.  As we hypothesized, acculturation was significantly associated with the 
prevalence of CVD risk factors poor health behaviors and elevated CVD risk.  
The prevalence of CVD risk factors/poor health behaviors and elevated CVD risk 
was high in this group of African immigrants.  Overweight/obesity was the most 
prevalent CVD risk factor/poor health behavior and smoking was rare.  A total of 40% 
of participants had a prior hypertension diagnosis and of these, 53% reported taking 
antihypertensive medications. Only 44% of the participants met the WHO 
recommendations for physical activity. More than half of the participants had ≥3 CVD 
risk factors/poor health behaviors and 28% had a Pooled ASCVD risk score ≥7.5%.  
 There is an abundance of literature on the association between measures 
of acculturation, and CVD risk factors/poor health behaviors and elevated CVD risk.35,40-
42 However, this knowledge is only limited to Asian and Hispanic immigrants in the 





relationship between CVD risk factors/poor health behaviors, elevated CVD risk and 
length of U.S. residence. In males increasing years of U.S. residence was associated with 
higher adjusted odds of overweight/obesity and Pooled ASCVD risk ≥7.5%. A 
systematic review by Delavari et al 43 revealed that among immigrants in high income 
countries, men were more likely to suffer the consequences of the nutritional transition 
and gain excess weight than females. In females however, fixed findings were observed 
which may be explained by the complex interplay of cultural influences on body image, 
physical activity and food choices. Notably, the majority (93%) of females in this study 
was overweight/obese and Africans may perceive that being overweight reflects wealth, 
feminine beauty and freedom from HIV/AIDS.44,45 Several studies have reported a high 
prevalence of overweight/obesity in  Ghanaians and Nigerians 4,7,46 residing in Africa 
and it likely that with increasing years of U.S. residence they may continue to gain 
excess weight and increase their risk for CVD and metabolic diseases. Using data from 
the National Interview Survey, Goel and colleagues14 observed that among different 
immigrant subgroups, number of years of residence in the U.S. was associated with 
higher BMI beginning after 10 years and similar results were obtained in this study. 
Considering the growing size of the African immigrant population in the U.S., early 
clinical and public health intervention on reducing the prevalence of overweight/obesity 
may be a crucial opportunity to prevent excess weight gain and prevent the development 
of diabetes and other obesity-related diseases. In this study, increasing years of residence 
in the U.S. was also associated with higher odds of having elevated CVD risk (Pooled 
ASCVD Risk Score ≥7.5%) in males only.  However, females who had resided in the 





U.S. for less than 10 years. Studies of other immigrant groups in industrialized societies 
have revealed each additional year of residence is associated odds of hypertension. 41,47,48  
Although not measured in this study, dietary acculturation may account for the 
increased risk of CVD with increasing years of U.S. residence. Dietary acculturation has 
been described as shifts from traditional diets of vegetables, meats, and whole grains to 
highly processed, high fat, and high sugar foods that are popular and readily available in 
the U.S.49 Previous research suggests that in African immigrants, acculturation was 
associated with increased consumption of diets that are high in sugar, cholesterol and fat50 
which may be explained by the adoption of dietary behaviors associated with Americans 
of low socioeconomic status (SES).  Also, physical activity acculturation which is defined 
as increased frequency of sedentary activities49 may contribute to the increased risk of 
CVD with increased years of U.S. residence.  Research on Asian and Hispanic 
immigrants suggests that higher acculturation may be associated with increased with less 
physical activity.49,51 Although physical activity acculturation was not measured in this 
study, the overall prevalence of physical inactivity (<150minutes moderate intensity/ 
<75minutes  vigorous intensity physical activity per week) was high. Designing and 
implementing public health interventions to address dietary and physical activity changes 
may help to reduce the prevalence of CVD risk factors, poor health behaviors and the 
elevated CVD risk in WAI.  
Generally, immigrants face more barriers to quality health care and are less 
likely to receive the necessary preventive healthcare services37,52,53 as well as dietary and 
exercise counselling from their healthcare providers than U.S.-born residents. 14 In this 





health implications because health insurance moderates the association between 
acculturation and health status. 37Having adequate health insurance is crucial because it 
facilitates the utilization of preventive services, improves general health and physical 
functioning and health outcomes in acute and chronic diseases54 and is associated with a 
40% decreased likelihood of premature death.55 In this study, we observed that although 
Traditionalists had higher risk for elevated CVD than Integrationists, they were less 
likely to have controlled blood pressures. This finding was surprising as Integrationists 
had resided in the U.S longer than Traditionalists. Other unmeasured confounding 
factors including health beliefs, health care utilization, self-care behaviors may have 
accounted for difference in CVD risk and hypertension control between Integrationists 
and Traditionalists. Although both groups were about equally insured, health insurance 
alone may not necessarily guarantee access to primary care 56 which is necessary for 
CVD risk management.  
A unique feature of this study is that in addition to using a surrogate measure of 
acculturation, we measured acculturation strategies with a validated instrument. We 
observed that although participants on average had resided in the US for more than 10 
years, acculturation strategies differed between participants, with the majority of 
participants classified as Traditionalists and Integrationists. The patterns of 
acculturation in this study fits well into Berry’s 34acculturation framework. Our findings 
suggest that the process of acculturation differs among African immigrants, with some 
becoming integrated into the U.S. society and others adhering almost completely to their 
culture. It is likely that educational level, family structure, enclave residence may 





participants were identified as Marginalists and this is not surprising as “people rarely 
choose such an option”. 57 It appears that first generation African immigrants rarely use 
the Assimilationist strategy in the acculturation process and it is unlikely that African 
immigrants are not attached to their ethnic culture at all. Furthermore, meaningful 
relations were found between the acculturation strategies, age at migration, and length of 
U.S. residence, percentage of life spent in the U.S., employment status and income level 
which supports the validity of the acculturation instrument we used. In this study, females 
were overrepresented in the Traditionalist strategy group.  Notably, findings about the 
sex-specific nature of acculturation are inconsistent, with some studies reporting 
significantly higher acculturation to the host culture in males in comparison to females 
58,59 while others have found no significant difference. 60In terms of differences in CVD 
risk, we observed that Integrationists had a lower adjusted odds of having elevated CVD 
risk than Traditionalists. This finding could be explained the higher rate of employment 
and incomes observed in Integrationists who identified equally with the American and 
African culture.  
One limitation of this study is that our sample may not be representative of the 
general African immigrant population. Hence our results cannot be generalized to all 
African immigrants in the U.S. This convenience sample was recruited from African 
churches in the Baltimore, Washington, D.C metropolitan area and it is possible that 
church attendants may have significantly different health behaviors and may have 
different acculturation levels than non-church attendants. In this absence of a sampling 
frame of African immigrants in the U.S., this recruitment strategy allowed to 





cross-sectional study so no temporal trends could be established. However, the study has 
strengths that are worth noting. To our knowledge, this is a first study examining the 
association between CVD risk factors/poor health behavior and elevated CVD risk in 
African immigrants. We have contributed to the literature on the association between 
acculturation and health by focusing on an understudied immigrant population and 
examining contextual factors that may contribute to the acculturation process and CVD 
risk in African immigrants.  
CONCLUSION   
As African immigrants become integrated into the U.S. population, it is 
imperative that we better understand how unhealthy acculturation may be prevented. In 
this study, we observed that participants who were Integrationists (equally identified with 
the American and African cultures) had lower risk for CVD and had controlled blood 
pressures than those who were Traditionalists (identified more with the African culture). 
Hence, ensuring the successful integration of African immigrants might reduce the risk of 
CVD in new African immigrants.  Results obtained from this study will help develop 
longitudinal studies assessing the evolution of CVD risk and the long-term impact of 
acculturation in increasing the prevalence of CVD risk factors/poor health behaviors and 
elevated CVD risk. Our results suggest that coordinated public health responses to the 
epidemic of CVD risk factors and poor health behaviors in the U.S. should target 
understudied immigrant populations and acculturation should be considered as a 







REFERENCES   
1. Go AS, Mozaffarian D, Roger VL, et al. Heart disease and stroke statistics--2014 update: A report from 
the american heart association. Circulation. 2014;129(3):e28-e292. doi: 
10.1161/01.cir.0000441139.02102.80 [doi].  
2. Terrazas A. African Immigrants in the United States. Migration Information Source. 2009.  
3. Agyemang C, Nicolaou M, Boateng L, Dijkshoorn H, van de Born BJ, Stronks K. Prevalence, 
awareness, treatment, and control of hypertension among ghanaian population in amsterdam, the 
netherlands: The GHAIA study. Eur J Prev Cardiol. 2012;20(6):938-946. doi: 
10.1177/2047487312451540.  
4. Agyemang C, Owusu-Dabo E, de Jonge A, Martins D, Ogedegbe G, Stronks K. Overweight and obesity 
among ghanaian residents in the netherlands: How do they weigh against their urban and rural counterparts 
in ghana? Public Health Nutr. 2009;12(7):909-916.  
5. Saleh A, Amanatidis S, Samman S. Cross-sectional study of diet and risk factors for metabolic diseases 
in a ghanaian population in sydney, australia. Asia Pac J Clin Nutr. 2002;11(3):210-216.  
6. Mensah GA. A heart-healthy and "stroke-free" world through policy development, systems change, and 
environmental supports: A 2020 vision for sub-saharan africa. Ethn Dis. 2003;13(2 Suppl 2):S4-12.  
7. Commodore-Mensah Y, Samuel LJ, Dennison-Himmelfarb CR, Agyemang C. Hypertension and 
overweight/obesity in ghanaians and nigerians living in west africa and industrialized countries: A 
systematic review. J Hypertens. 2014;32(3):464-472. doi: 10.1097/HJH.0000000000000061 [doi].  
8. Abubakari AR, Lauder W, Jones MC, Kirk A, Agyemang C, Bhopal RS. Prevalence and time trends in 
diabetes and physical inactivity among adult west african populations: The epidemic has arrived. Public 





9. Kaplan GA, Keil JE. Socioeconomic factors and cardiovascular disease: A review of the literature. 
Circulation. 1993;88(4 Pt 1):1973-1998.  
10. Anderson NB. Behavioral and sociocultural perspectives on ethnicity and health: Introduction to the 
special issue Health Psychol. 1995;14(7):589-591.  
11. Okafor MT, Carter-Pokras OD, Zhan M. Greater dietary acculturation (dietary change) is associated 
with poorer current self-rated health among african immigrant adults. J Nutr Educ Behav. 2014;46(4):226-
235. doi: 10.1016/j.jneb.2013.11.015 [doi].  
12. Diez Roux AV, Detrano R, Jackson S, et al. Acculturation and socioeconomic position as predictors of 
coronary calcification in a multiethnic sample. Circulation. 2005;112(11):1557-1565.  
13. Campbell TC, Parpia B, Chen J. Diet, lifestyle, and the etiology of coronary artery disease: The cornell 
china study Am J Cardiol. 1998;82(10B):18T-21T.  
14. Goel MS, McCarthy EP, Phillips RS, Wee CC. Obesity among US immigrant subgroups by duration of 
residence. JAMA. 2004;292(23):2860-2867. doi: 292/23/2860 [pii].  
15. Redfield R, Linton R, Herskovits M. Memorandum for the study of acculturation. American 
Anthropologist. 1936;38:149-152.  
16. Stern MP, Knapp JA, Hazuda HP, Haffner SM, Patterson JK, Mitchell BD. Genetic and environmental 
determinants of type II diabetes in mexican americans. is there a "descending limb" to the 
modernization/diabetes relationship? Diabetes Care. 1991;14(7):649-654.  
17. Hazuda HP, Haffner SM, Stern MP, Eifler CW. Effects of acculturation and socioeconomic status on 






18. Mainous AG,3rd, Majeed A, Koopman RJ, et al. Acculturation and diabetes among hispanics: Evidence 
from the 1999-2002 national health and nutrition examination survey. Public Health Rep. 2006;121(1):60-
66.  
19. Detjen MG, Nieto FJ, Trentham-Dietz A, Fleming M, Chasan-Taber L. Acculturation and cigarette 
smoking among pregnant hispanic women residing in the united states. Am J Public Health. 
2007;97(11):2040-2047. doi: 10.2105/AJPH.2006.095505.  
20. Coreil J, Ray LA, Markides KS. Predictors of smoking among mexican-americans: Findings from the 
hispanic HANES. Prev Med. 1991;20(4):508-517.  
21. Chakraborty BM, Mueller WH, Reeves R, et al. Migration history, health behaviors, and cardiovascular 
disease risk factors in overweight mexican-american women. Ethn Dis. 2003;13(1):94-108.  
22. Kaplan MS, Chang C, Newsom JT, McFarland BH. Acculturation status and hypertension among asian 
immigrants in canada. J Epidemiol Community Health. 2002;56(6):455-456.  
23. Dodani S, Dong L. Acculturation, coronary artery disease and carotid intima media thickness in south 
asian immigrants--unique population with increased risk. Ethn Dis. 2011;21(3):314-321.  
24. Kent M. Immigration and america's black population. Population Bulletin. 2007;62(4).  
25. Chobanian AV, Bakris GL, Black HR, et al. The seventh report of the joint national committee on 
prevention, detection, evaluation, and treatment of high blood pressure: The JNC 7 report. JAMA. 
2003;289(19):2560-2572. doi: 10.1001/jama.289.19.2560.  
26. Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults. Executive 
summary of the third report of the national cholesterol education program (NCEP) expert panel on 
detection, evaluation, and treatment of high blood cholesterol in adults (adult treatment panel III). JAMA. 
2001;285(19):2486-2497.  





28. Panz VR, Raal FJ, Paiker J, Immelman R, Miles H. Performance of the CardioChek PA and cholestech 
LDX point-of-care analysers compared to clinical diagnostic laboratory methods for the measurement of 
lipids. Cardiovasc J S Afr. 2005;16(2):112-117.  
29. American Diabetes Association. Standards of medical care in diabetes--2011. Diabetes Care. 2011;34 
Suppl 1:S11-61. doi: 10.2337/dc11-S011.  
30. Goff DC,Jr, Lloyd-Jones DM, Bennett G, et al. 2013 ACC/AHA guideline on the assessment of 
cardiovascular risk: A report of the american college of Cardiology/American heart association task force 
on practice guidelines. Circulation. 2013. doi: 01.cir.0000437741.48606.98 [pii].  
31. Cruz TH, Marshall SW, Bowling JM, Villaveces A. The validity of a proxy acculturation scale among 
US hispanics. Journal of Behavioral Sciences. 2008;30(4):425.  
32. Kandula NR, Diez-Roux AV, Chan C, et al. Association of acculturation levels and prevalence of 
diabetes in the multi-ethnic study of atherosclerosis (MESA). Diabetes Care. 2008;31(8):1621-1628.  
33. Tropp LR, Erkut S, Coll CG, Alarcon O, Vazquez Garcia HA. Psychological acculturation: 
Development of a new measure for puerto ricans on the U.S. mainland. Educ Psychol Meas. 
1999;59(2):351-367. doi: 10.1177/00131649921969794 [doi].  
34. Berry JW. Acculturation and adaptation: Health consequences of culture contact among circumpolar 
peoples. Arctic Med Res. 1990;49(3):142-150.  
35. Abraido-Lanza AF, Chao MT, Florez KR. Do healthy behaviors decline with greater acculturation? 
implications for the latino mortality paradox. Soc Sci Med. 2005;61(6):1243-1255. doi: 
10.1016/j.socscimed.2005.01.016.  






37. Lee S, O'Neill A, Park J, Scully L, Shenassa E. Health insurance moderates the association between 
immigrant length of stay and health status. J Immigr Minor Health. 2012;14(2):345-349.  
38. Lutsey PL, Diez Roux AV, Jacobs DR,Jr, et al. Associations of acculturation and socioeconomic status 
with subclinical cardiovascular disease in the multi-ethnic study of atherosclerosis. Am J Public Health. 
2008;98(11):1963-1970.  
39. Koya DL, Egede LE. Association between length of residence and cardiovascular disease risk factors 
among an ethnically diverse group of united states immigrants J Gen Intern Med. 2007;22(6):841-846. doi: 
10.1007/s11606-007-0163-y [doi].  
40. Wong SS, Dixon LB, Gilbride JA, Kwan TW, Stein RA. Measures of acculturation are associated with 
cardiovascular disease risk factors, dietary intakes, and physical activity in older chinese americans in new 
york city J Immigr Minor Health. 2013;15(3):560-568. doi: 10.1007/s10903-012-9669-4 [doi].  
41. Moran A, Roux AV, Jackson SA, et al. Acculturation is associated with hypertension in a multiethnic 
sample. Am J Hypertens. 2007;20(4):354-363.  
42. Fitzgerald N, Himmelgreen D, Damio G, Segura-Perez S, Peng YK, Perez-Escamilla R. Acculturation, 
socioeconomic status, obesity and lifestyle factors among low-income puerto rican women in connecticut, 
U.S., 1998-1999. Rev Panam Salud Publica. 2006;19(5):306-313. doi: S1020-49892006000500003 [pii].  
43. Delavari M, Sonderlund AL, Swinburn B, Mellor D, Renzaho A. Acculturation and obesity among 
migrant populations in high income countries--a systematic review BMC Public Health. 2013;13:458-2458-
13-458. doi: 10.1186/1471-2458-13-458 [doi].  
44. Duda RB, Jumah NA, Hill AG, Seffah J, Biritwum R. Assessment of the ideal body image of women in 
accra, ghana. Trop Doct. 2007;37(4):241-244.  
45. Beune EJ, Haafkens JA, Agyemang C, Bindels PJ. Inhibitors and enablers of physical activity in 





46. Abubakari AR, Bhopal RS. Systematic review on the prevalence of diabetes, overweight/obesity and 
physical inactivity in ghanaians and nigerians. Public Health. 2008;122(2):173-182. doi: 
10.1016/j.puhe.2007.06.012.  
47. Steffen PR, Smith TB, Larson M, Butler L. Acculturation to western society as a risk factor for high 
blood pressure: A meta-analytic review. Psychosom Med. 2006;68(3):386-397.  
48. Marmot MG, Syme SL. Acculturation and coronary heart disease in japanese-americans. Am J 
Epidemiol. 1976;104(3):225-247.  
49. Unger JB, Reynolds K, Shakib S, Spruijt-Metz D, Sun P, Johnson CA. Acculturation, physical activity, 
and fast-food consumption among asian-american and hispanic adolescents J Community Health. 
2004;29(6):467-481.  
50. Patil CL, Hadley C, Nahayo PD. Unpacking dietary acculturation among new americans: Results from 
formative research with african refugees Journal of Immigrant and Minority Health. 2008; 2009;11(5):342 
<last_page> 358. doi: 10.1007/s10903-008-9120-z.  
51. Lee SK, Sobal J, Frongillo EA,Jr. Acculturation and health in korean americans Soc Sci Med. 
2000;51(2):159-173. doi: S0277953699004463 [pii].  
52. Ku L, Matani S. Left out: Immigrants' access to health care and insurance Health Aff (Millwood). 
2001;20(1):247-256.  
53. Mahmoud I, Hou XY. Immigrants and the utilization of hospital emergency departments World J 
Emerg Med. 2012;3(4):245-250. doi: 10.5847/wjem.j.1920-8642.2012.04.001 [doi].  
54. McWilliams JM. Health consequences of uninsurance among adults in the united states: Recent 
evidence and implications. Milbank Q. 2009;87(2):443-494. doi: 10.1111/j.1468-0009.2009.00564.x.  
55. Wilper AP, Woolhandler S, Lasser KE, McCormick D, Bor DH, Himmelstein DU. Health insurance 





56. Cykert S, Kissling G, Layson R, Hansen C. Health insurance does not guarantee access to primary care: 
A national study of physicians' acceptance of publicly insured patients J Gen Intern Med. 1995;10(6):345-
348.  
57. Berry JW. Contexts of acculturation. In: Sam, D.L & Berry, J.W, ed. Cambridge handbook of 
acculturation psychology. New York, NY: Cambridge University Press; 2006:pp27-42.  
58. Arcia E, Skinner M, Bailey D, Correa V. Models of acculturation and health behaviors among latino 
immigrants to the US. Soc Sci Med. 2001;53(1):41-53.  
59. Ghuman PAS. Acculturation of south asian adolescents in australia Br J Educ Psychol. 2000; 
2010;70(3):305 <last_page> 316. doi: 10.1348/000709900158128.  
60. Sodowsky GR, Lai EWM, Plake B. Moderating effects of sociocultural variables on acculturation 


















TABLE 4.1: Acculturation Instrument  
D1: Ghanaian/Nigerian Acculturation sub-scale 
1. I feel Ghanaian/Nigerian. 
2. I share most of my beliefs and values with Ghanaian/Nigerian people.  
3. I have a lot in common with Ghanaian/Nigerian people.  
4. I feel comfortable with Ghanaian/Nigerian people.  
5. Ghanaian/Nigerian people understand me. 
6. I feel proud to be part of Ghanaian/Nigerian culture.  
7. I understand Ghanaian/Nigerian people.  
8. I know how things are done in Ghanaian/Nigerian culture and I feel I can do them easily.  
9. I feel confident I know how to act in Ghanaian/Nigerian culture. 
10. In Ghanaian/Nigerian culture, I know what’s expected of a person in various situations. 
11. I know a lot about Ghanaian/Nigerian culture (for   example, its history, traditions, and 
customs). 
12. I have Ghanaian/Nigerian friends  
13. I spend my free time with Ghanaian/Nigerian people 
D2: American Acculturation sub-scale 
1. I feel American. 
2. I share most of my beliefs and values with American people.  
3. I have a lot in common with American people.  
4. I feel comfortable with American people.  
5. American people understand me. 
6. I feel proud to be part of American culture.  
7. I understand American people. 
8. I know how things are done in American culture and I feel I can do them easily. 
9. I feel confident I know how to act in American culture. 
10. In American culture, I know what’s expected of a person in various situations. 
11. I know a lot about American culture (for   example, its history, traditions, and customs). 
12. I have American friends. 





 TABLE 4.2: Demographic characteristics and cardiovascular disease risk 
 Characteristic [Mean ±SD or N (%)] Total(N=253) 
Demographic Characteristics 
Age 49.5±9.2 
>=HS Education 188(75) 
Employed  181(79) 
Household Income   
     <$25,000 44(18) 
     $25,000-$50,000 113(46) 
     >$50,000 88(36) 
Health Insurance, Yes 127(52) 






Cardiovascular Disease Risk  
Mean SBP (mmHg) 128.4±19.3 
Mean DBP (mmHg) 80.3±10.9 
Hypertension diagnosis 98(40) 
        Hypertension treatment 63(53) 
        Hypertension Control(On antihypertensives) 30(50) 
        Hypertension Control(No antihypertensives) 12(38) 
Diabetes 40(16) 
Low density lipoprotein-cholesterol(LDL-C) 106.0±37.3 
    LDL-C ≥130(%) 84(33) 
High density lipoprotein-cholesterol(HDL-C) 53.9±17.9 
   HDL-C<40(M)/<50(F) (%) 74(29) 
Total Cholesterol (TC) 180.9±33.9 
    TC≥200 69(27) 
Triglycerides(TG) 107.5±86.7 
    TG≥200 23(9) 
Body Mass Index * 29.8±4.8 
          Normal 30(12) 
          Overweight 112(45) 
          Obese 106(43) 
WC>35(F)/40(M)* 128(53) 
Current smoker, Yes 1(0.4) 
Physical Inactivity 135(56) 
Pooled ASCVD Risk Score  * 6.1±6.8 
      <7.5% (vs.≥ 7.5%) 170(72) 
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TABLE 4.3: Comparison of socio-demographic variables by Acculturation Strategy   
 














Female 1(50) 5(100) 60(75) 81(49) <0.0001 








Length of US residence(years) 




Percentage of Life in the US 
(%) 
37.0±25.8 17.1±12.5 21.7±14.7a 29.7± 14.9a 0.0001 
Employed 2(100) 1(20) 56(70) 139(84) 0.013 
Income (n/%)      
<$25,000 1(50) 0(0) 21(26) 22(13) 0.006 
$25,000- 
$50,000 
1(50) 3(60) 39(49) 73(44)  
>$50,000 
0(0) 2(40) 20(25) 71(43)  
Green card/citizen (n/%) 
2(100) 4(80) 61(76) 127(77) 0.836 
Health insurance (n/%) 
2(100) 1(20) 37(46) 90(54) 0.241 
a,. Acculturation strategies with the same superscript were significantly different  








Table 4.4: Association between CVD Risk Factors/poor health behaviors, 
elevated CVD risk and Length of Residence: Males (N=106) 
         OR (95%CI) AOR† (95%CI) 
 CVD risk factors/poor health 
behaviors 
≥10years P-value ≥10years P-value 
 
Overweight/obesity∞ 3.47(1.23-9.79) 0.018 5.10(1.28-20.33) 0.021 
Hypertension 1.89(0.70-5.03) 0.205 0.61(0.17-2.14) 0.436 
Hyperlipidemia (TC>200) 1.18(0.42-3.34) 0.754 1.20(0.35-4.13) 0.772 
Diabetes 6.18(0.77-49.51) 0.086 3.97(0.42-37.44) 0.228 
Physical Inactivity 0.76(0.29-1.93) 0.563 0.49(0.15-1.59) 0.236 
 Elevated CVD risk ≥10years P-value ≥10years P-value 
 ≥3 CVD risk factors/poor health 
behaviors 
2.27(0.86-6.03) 0.099 1.22(0.39-3.85) 0.728 
*≥7.5% Pooled ASCVD Risk Score 6.48(1.79-23.37) 0.004 8.02(2.09-30.80) 0.002 
 OR=Odds ratio, AOR-Adjusted Odds ratio, CI=confidence interval, TC-Total cholesterol  
†Adjusted for age, education, income, insurance, employment, 
∞ Adjusted for age, education, income, insurance, employment, physical activity 
* Adjusted for education, income, insurance, employment.  






Table 4.5: Association between CVD Risk Factors/poor health behaviors, 
elevated CVD risk and Length of Residence: Females (N=147) 
 OR (95%CI) †AOR (95%CI) 
 CVD risk factors/poor health 
behaviors 
≥10years P-value ≥10years P-value 
  
Overweight/obesity 2.49(0.67-9.26) 0.173 1.23(0.26-5.82) 0.789 
Abdominal obesity (WC>35(F) 1.38(0.64-2.99) 0.413 1.05(0.41-2.70) 0.925 
Hypertension 2.67(1.29-5.52) 0.008 2.60(1.04-6.51) 0.041 
Hyperlipidemia (TC>200) 1.03(0.49-2.15) 0.947 1.1(0.41-2.48) 0.985 
Diabetes 0.73(0.29-1.82) 0.497 0.58(0.18-1.91) 0.371 
Physical Inactivity 0.55(0.27-1.10) 0.087 0.88(0.39-2.02)  0.780 
 Elevated CVD risk  ≥10years P-value ≥10years P-value 
 ≥3 CVD risk factors or poor health 
behaviors 
1.32(0.66-2.61) 0.423 1.21(0.52-2.81) 0.652 
*Pooled ASCVD Risk Score ≥7.5% 0.78(0.36-1.69) 0.526 2.20(0.79-6.06) 0.127 
 OR=Odds ratio, AOR-Adjusted Odds ratio, CI=confidence interval, TC-Total cholesterol  
†Adjusted for age, education, income, insurance, employment 
∞ Adjusted for age, education, income, insurance, employment, physical activity 







TABLE 4.6: Association between Acculturation and elevated CVD risk (≥3 CVD risk factors or poor 









AOR 95%CI P-value 
≥3 CVD risk factors or poor 
health behaviors 
      
*Length of US esidence (proxy) 1.03 1.00-1.07 0.024 1.06 1.0-1.10 0.001 
+Acculturation Strategies 
 
      
Traditionalist Ref Ref Ref Ref Ref Ref 
Integrationist 0.51 0.29-0.89 0.018 0.46 0.24-0.87 0.017 
Pooled ASCVD risk score ≥7.5%  
Length of US residence (proxy) 1.05 1.02-1.08 0.001 1.09 1.05-1.13 <0.0001 
Acculturation Strategies 
 
      
Traditionalist Ref Ref Ref Ref Ref Ref 
Integrationist 0.63 0.36-1.12 0.118 0.38 0.18-0.78 0.008 
* Adjusted for gender, education, income, insurance status, employment status 






























CVD risk factors, poor health behaviors and elevated CVD risk 
Prevalence of CVD risk factors, poor health behaviors and elevated 










CHAPTER FIVE: DISCUSSION 
INTRODUCTION 
Cardiovascular disease (CVD) risk factors and poor health behaviors are 
associated with CVD morbidity and mortality1 and African-descent populations in 
industrialized countries are disproportionately affected.2 Seminal epidemiological studies 
including “The Framingham Heart Study”3,4 and “INTERHEART Study”5 have 
demonstrated that major CVD risk factors and poor health behaviors such as smoking, 
obesity, hypertension , hyperlipidemia,  physical inactivity, and diabetes mellitus  
synergistically increase the risk for CVD events. However, these CVD risk factors and 
poor health behaviors are largely preventable.  Sub- Saharan Africa (SSA) is currently 
facing a double burden of communicable and communicable diseases including CVD, 
and prevention and treatment strategies are overlooked due to limited healthcare 
resources.6 Also, more than half of the CVD deaths in SSA occur among persons between 
30 and 69 years of age, a range which is 10 years younger than the equivalent group in 
Europe and North America. 7,8 
The influx of African immigrants to the US in the last two decades has been 
unparalleled.  The size of this population is said to have grown 40-fold between 1960 and 
2007, from 35,555 to 1.4 million, with 36% from the West African countries of Ghana 
and Nigeria.9 However little is known about the prevalence of CVD risk factors, poor 
health behaviors and overall CVD risk. This research gap can be attributed to the fact that 
“Blacks” in the US are often considered a homogeneous group in research 10; ignoring the 
cultural and socioeconomic differences between recent African immigrants and US-born 
African-Americans.  The “healthy immigrant effect”11,12which suggests that new 





However, the health of immigrants rapidly declines or improves with increasing years of 
residence in developed countries through the loss of culture-specific health protective 
effects or adoption of health behaviors of the host society.12-14  Changes in socio-
economic conditions, food supply, health systems and policies, and culture 
(acculturation) may be reasons for deteriorating or improving health in immigrants. 
Similar to other immigrant groups in the U.S.15-17, it is likely that acculturation 
may be associated with the prevalence of CVD risk factors and poor health behaviors and 
elevated risk for CVD risk in African immigrants. The cultural changes (acculturation) 
that occur after migration to different industrialized societies may be detrimental or 
beneficial to overall health.   However, to date, there have been no published studies on 
the association between CVD risk and acculturation in African immigrants.  
Identifying predisposing (i.e. CVD knowledge, employment status), reinforcing 
(i.e. social support) and enabling (i.e. health insurance status) factors is crucial in 
developing and implementing future CV health interventions in this group. For instance, 
low socio-economic status measured as income and educational status predicts CVD 
independently of traditional risk factors included in the Framingham risk score18-21 and 
lack of health insurance is associated with increased rates of stroke and death and with 
less awareness and control of CVD risk factors.22However, these determinants have yet to 
be explored in African immigrants in the US. 
The overall purpose of this study was to contribute to the understanding of the 
CVD risk and the intricate relationships between behavioral, environmental, social and 





primordial, primary and secondary prevention efforts as well as health policies that 





SUMMARY OF FINDINGS 
Sample characteristics  
We recruited a total of 256 West African immigrants (Ghanaian and Nigerian-born) from 
7 churches in the Baltimore-Washington, D.C metropolitan area and excluded 3 participants due 
to a high percentage of missing data. The mean age of participants was 49.5±9.2 years and 58% 
were female. A total of 152(60%) participants were born in Ghana and the rest in Nigeria. 
Participants were highly-educated as 60% had obtained a minimum of a college education.  A 
higher employment rate was observed in males as compared to females.   Although this group 
was highly educated, only 36% reported a household income > $50,000 with males reporting 
significantly higher household income than females. Only 52% had health insurance and 77% 
reported being green-card holders or US citizens and the 23% reported being on a visa or 
declined to provide that information. Together, green-card holders and U.S citizens were 
significantly more likely to have health insurance than those on visas or those who declined to 
provide that information. (61% vs. 20%; p=0.000).  A majority (67%) had resided in the USA for 
10 years or more with no differences by sex.  
Prevalence of CVD risk factors, poor health behaviors, and elevated CVD risk (≥3 CVD risk 
factors/poor health behaviors and Pooled ASCVD risk score ≥7.5%) 
The majority of participants (95%) had at least one of the six CVD risk factors or poor 
health behaviors (hypertension, overweight/obesity, diabetes, hyperlipidemia, current smoking 
and physical inactivity). Many (80%) had more than one CVD risk factor or poor health 
behavior: 15% had only one, 26% had two, 30% had three, 15% had four, 7% had five and 2% 





behaviors, smoking was the least prevalent (only one male smoked); overweight/obesity was the 
most prevalent (88%). With regards to elevated CVD risk, 54% of participants had ≥3 CVD risk 
factors/poor health behaviors and females were significantly more likely to have ≥3 CVD risk 
factors/poor health behaviors than males. (63% vs. 42%, p=0.002) However, when we used 
PARS10 ≥7.5% as the indicator of elevated CVD risk, only 28% met this criterion with a higher 
percentage of males (35%) having PARS10 ≥7.5% than females(23%)[p=0.047]. The 
distribution of PARS10 in this study was similar to the general US population from which the 
PARS10 was derived.   
Predisposing, reinforcing and enabling factors as predictors of elevated CVD risk (≥3 CVD 
risk factors/ poor health behaviors and Pooled ASCVD risk score ≥7.5% 
We conceptualized that predisposing, enabling, and reinforcing factors would be 
determinants of ≥3 CVD risk factors/ poor health behaviors and PARS10 ≥7.5% as 
conceptualized within the modified PRECEDE PROCEED Model.  CVD knowledge which was 
considered a predisposing factor was high in this sample with a mean score of 20.5±2.8 
(maximum of 25points) but did not independently predict having ≥3 CVD risk factors & poor 
health behaviors or ≥ PARS10 7.5% in both sexes. Employment status, another predisposing 
factor did not independently predict both outcomes in males. In females, however, employment 
was associated with an 80% decreased odds of having a PARS10≥7.5%. Social support, a 
reinforcing factor, was operationalized as scores on the ENRICHD Social Support Inventory 
(ESSI). In males, higher ESSI scores were significantly associated with 8% lower odds of having 
≥3 CVD risk factors/ poor health behaviors but not having a PARS10≥7.5% . We examined 





insurance was not significantly associated with having ≥3 CVD risk factors and poor health 
behaviors and PARS10≥7.5% However, in females, having health insurance was associated with 
65 % lower odds having a PARS10≥7.5% 
Association between acculturation and CVD risk factors, poor health behaviors and elevated 
CVD risk ((≥3 CVD risk factors/ poor health behaviors and Pooled ASCVD risk score ≥7.5% 
Association between length residence and CVD risk factors, poor health behaviors and elevated 
CVD risk 
To determine the impact of increasing years of U.S. residence on the prevalence of CVD 
risk factors, poor health behaviors and having elevated CVD risk, we performed multivariable 
logistic regression adjusting for age, sex, education, income, insurance and employment. We 
observed that residing in the U.S. for ≥10 years was significantly associated with 5-fold odds of 
being overweight or obese in males.  Male participants who had resided in the U.S for ≥10 years 
had an 8-fold (95%CI: 2.09-30.80) higher odds of having a PARS10 ≥7.5%. Female participants 
who had resided in the U.S. for ≥10 years were 2.60times more likely to be diagnosed with 
hypertension than those who were newer residents. This relationship was not observed in males.   
 
Association between acculturation and elevated CVD risk 
Since acculturation was assessed with length of U.S. residence (proxy) and 
acculturation strategy we used both variables separately in the multivariable logistic 
regression analysis. In the adjusted analysis, increasing years of U.S. residence was 
significantly associated with having ≥3 CVD risk factors/poor health behaviors (AOR: 
1.06, 95%CI-1.0-1.10) and Pooled ASVD risk score ≥7.5 %( AOR: 1.09, 95%CI -1.05-





observed that Integrationists had a 0.46(95% CI: 0.24-0.87) lower odds of having ≥3 CVD 
risk factors/poor health behaviors and 0.38(95% CI: 0.18-0.78) lower odds of having a 
Pooled ASVD risk score ≥7.5% than Traditionalists. We adjusted for sex, education, 
insurance status, employment status due to the known confounding relationships between 






Compared with the earliest epidemiological studies in West Africa(Ghana and 
Nigeria specifically), which revealed a low prevalence of CVD and associated risk 
factors 26,the  systematic review27 found a high prevalence of CVD risk factors, 
particularly, HTN and overweight/obesity in the two countries, as foretold by Pobee et 
al.28 in 1979. Treatment and control of CVD risk factors in these two countries are sub-
optimal and can be attributed to the high cost of medications 29, absence of national 
treatment guidelines 30, and misconceptions about CVD risk factors 31. A high (90%) 
prevalence of overweight/obesity has been observed in Dutch-Ghanaians32 . Saleh et al. 33 
reported similar findings in Australian-Ghanaians where 89% of men and 92% of women 
were overweight or obese. These two studies provided the closest estimate of what was 
expected in Ghanaian and Nigerian immigrants residing in the US. The high prevalence 
of overweight/obesity in West African immigrants may be attributed to low physical 
activity, as epidemiological studies have shown that Ghanaians and Nigerians do not 
engage in regular physical activity 34-36, or to other dietary factors, as Ghanaians and 
Nigerians consume dietary salt exceeding recommended limits 37. 
At the time the systematic review27 was performed, there were no recent published 
studies on the prevalence of CVD risk factors/poor health behaviors and overall CVD 
risk in African immigrants. This was surprising given the growing presence of African 
immigrants in the U.S. It is estimated that approximately 114,000 African immigrants 
resided in the Washington D.C metropolitan area in 2005, accounting for 11% of the 
area’s total immigrant population.38  Almost a decade later, it is likely that the size of this 
population has doubled.  African immigrants in the US arrive through different 





visas and diversity visa lottery program. With regards to socioeconomic status, African 
immigrants in the US are highly educated 25 and more likely to participate in the labour 
force than all foreign-born Americans 9 They are also more likely to speak English than 
Asian and Hispanic immigrants.9,39 These important socioeconomic characteristics likely 
influence CVD risk and support the need to examine these determinants in African 
immigrants in the US.  
Based on the findings from the systematic review and gaps in knowledge of the 
CVD risk of African immigrants in the US, we designed the “Afro-CardiAc Study”.   The 
purpose of this study was to contribute to examine the relationships between CVD risk 
and behavioral, environmental, social and cultural factors among African immigrants 
residing in the US to inform primordial, primary and secondary prevention efforts. This 
study also examined the association between acculturation, measured by length of US 
residence and acculturation strategy, and the prevalence of CVD risk factors, poor health 
behaviors and elevated CVD risk (≥3 CVD risk factors/ poor health behaviors and 
PARS10 ≥7.5%).  
To meet the study goals, we designed a cross-sectional epidemiological study of 
West African immigrants (Ghanaian and Nigeria-born) residing in the Baltimore, 
Washington, D.C metropolitan area. We recruited participants from 7 different churches 
whose attendants were primarily African immigrants to ensure a representative sample. In 
the absence of an accessible nationality-wise classification of residents in the US we used 
quota sampling to ensure that comparable proportions of Ghanaians and Nigerians were 





income, education and age. The research study was well received by leaders of the 
churches who provided consent for recruitment to occur on their premises. The faith-
based setting provided successful recruitment in this study and has been shown to provide 
access to ethnic minorities and a familiar and reassuring environment for ‘hard-to-reach’ 
groups with high CVD risk40.   
In this contemporary group of WAI, we observed a high prevalence of major 
CVD risk factors and poor health behaviors. For every 10 participants, 8 had at least two 
CVD risk factors or poor health behavior and this calls for immediate attention and public 
health action to reduce the risk for CVD in this population.  This high burden of CVD 
risk factors and poor health behaviors is particularly troubling given the relatively young 
age(mean age 49years) of the participants; nearly 30% percentage were <45 years of age 
and 94% were <65years.  In many African countries, more than half of the CVD deaths 
are said to occur among persons between 30 and 69 years of age, a range that is 10 years 
younger than the equivalent age group in Europe and North America.7,8 Hence, African 
immigrants in the US may be at high risk for CVD events which may occur at younger 
ages. However, there is currently no data on CVD events or death in African immigrants 
to support our assertion.  In this study, males were significantly more likely to have a 
PARS10≥7.5% than their female counterparts. Of note, in the validation studies for the 
PARS10, the calibration slope was near 1 for all race-sex groups, but highest in African 
American females, with a slight tendency to underestimate risk. It is possible that this 
observation may apply to African immigrant women. However, without longitudinal 





very similar to that of the US population 41 which suggests that our convenience sample 
closely resembled the population from which the risk score was derived.    
We theorized that there would be significant associations between predisposing 
(CVD knowledge, employment), reinforcing (social support) and enabling factors (health 
insurance) and elevated CVD risk (≥3 CVD risk factors & poor health behaviors or 
PARS10≥7.5%). A significant negative association was observed between social support 
and elevated CVD risk in men and a negative relationship between employment and 
health insurance and elevated CVD risk in women. There is epidemiological evidence that 
low levels of social support; a psychosocial stressor, is associated with increased 
incidence of CVD and poor CVD outcomes. 42,43 From a life span perspective, 
immigration is a significant life transition through which previous social networks and 
social support may be lost. Socioeconomic status is a powerful determinant of health and 
is inversely associated with risk for CVD in high-income countries.18 However, this 
relationship is often paradoxical or weak in ethnic minorities with some studies15,44 
reporting no relationship between socioeconomic status and CVD. However, in our study 
we found that women who were unemployed had a higher risk for CVD than those who 
were employed. With regards to insurance status, U.S immigrants have some of the 
highest uninsured rates with 33.5% uninsured among immigrants compared to 12.9% of 
US-born residents.45 The uninsured rate in this study was remarkably high with almost 
half of the participants reporting no health insurance.  Participants who were green-card 
holders/U.S citizens were more likely to be insured than those who were not. This finding 
of high uninsured rate is troubling because the possession of health insurance facilitates 





is associated with a 40% decreased likelihood of premature death.47 Of note, majority of 
the data collection occurred during the implementation of the Patient Protection and 
Affordable Care Act (PPACA), hence it is possible that the current insurance rates in this 
population may be higher.  
There is an abundance of literature on the association between measures of 
acculturation, and CVD risk factors/poor health behaviors and elevated CVD risk.48-51 
However, this knowledge is only limited to Asian and Hispanic immigrants in the U.S. 
In this study, we found evidence supporting the moderating role of sex on the 
relationship between CVD risk factors/poor health behaviors, elevated CVD risk and 
length of U.S. residence (a proxy measure for acculturation). In males increasing years 
of U.S. residence was associated with higher adjusted odds of overweight/obesity and 
PARS10 ≥7.5%. A systematic review by Delavari et al 52 revealed that among 
immigrants in high income countries, men were more likely to suffer the consequences 
of the nutritional transition and gain excess weight than females. In females however, 
fixed findings were observed which may be explained by the complex interplay of 
cultural influences on body image, physical activity and food choices. Notably, the 
majority (93%) of females in this study was overweight/obese and in many Africans 
there is positive social perception about overweight and obesity in Africa, as they may 
represent wealth, feminine beauty and freedom from HIV/AIDS.53,54 Several studies have 
reported a high prevalence of overweight/obesity in  Ghanaians and Nigerians 27,55,56 
residing in Sub-Saharan Africa and it likely that with increasing years of U.S. residence 
they may continue to gain excess weight and increase their risk for CVD and metabolic 





early clinical and public health intervention on reducing the prevalence of 
overweight/obesity may be a crucial opportunity to prevent excess weight gain. In this 
study, increasing years of residence in the U.S. was also associated with higher odds of 
having elevated CVD risk (Pooled ASCVD Risk Score ≥7.5%) in males although this 
relationship was not observed in females. However, females who had resided in the U.S. 
for ≥10 years had a 2.6odds of having hypertension than those who had lived in the U.S. 
for less than 10 years. Studies of other immigrant groups in industrialized societies have 
revealed each additional year of residence is associated odds of hypertension. 49,57,58  
A unique feature of this study is that in addition to using a surrogate measure of 
acculturation, we measured acculturation strategies with a validated bidimensional 
instrument. We observed that although participants on average had resided in the US for 
more than 10 years, acculturation strategies differed between participants, with the 
majority of participants classified as Traditionalists and Integrationists. Our finding 
suggests that the process of acculturation differs among African immigrants, with some 
becoming integrated into the U.S. society and others adhering almost completely to their 
culture. It is likely that educational level, family structure, enclave residence may 
contribute to the acculturation strategy adopted by African immigrants. In this study, 
females were overrepresented in the Traditionalist strategy group.  Notably, findings 
about the sex-specific nature of acculturation are inconsistent, with some studies 
reporting significantly higher acculturation to the host culture in males in comparison to 
females 59,60 In terms of differences in CVD risk, we observed that Integrationists had a 
lower adjusted odds of having elevated CVD risk than Traditionalists. This finding could 





Integrationists who identified equally with the American and African culture. Other 
unmeasured confounding factors including health beliefs, health care utilization, self-care 
behaviors may have accounted for difference in CVD risk and hypertension control 
between Integrationists and Traditionalists. 
STRENGTHS AND LIMITATIONS 
There are limitations to this study that are worth noting.  First and foremost, this 
was a cross-sectional study with a relatively small sample size; hence subgroup analyses 
contributed to a smaller sample size, thus limiting power to detect differences among 
groups, especially with respect to CVD risk factors. Also, due to the cross-sectional 
nature of the study, no causal relationships or temporal trends could be established.  Since 
participants were recruited from churches in the Baltimore, Washington. D.C 
metropolitan area, they may not be representative of all African immigrants in the United 
States. It is possible that participants may have for instance underreported smoking 
behavior due to social desirability and health behaviors of church attendants may differ 
from non-attendants and may affect the generalizability of our results.  Since this study 
was not a longitudinal study with hard endpoints, we were unable to determine whether 
the PARS10 had adequate discrimination.  
To our knowledge, this was the first study to examine the association between 
CVD risk factors/poor health behavior and elevated CVD risk in African immigrants. 
We have contributed to the literature on the association between acculturation and health 
by focusing on an understudied immigrant population and examining contextual factors 





to use the WHO STEPS instrument in an underserved population in the US. Using the 
WHO STEPS protocol will also enhance the comparability of findings to West Africans 
residing in Africa and other countries by measuring the risk factor burden uniformly and 
rigorously using a WHO-recommended protocol.  
RESEARCH,  PRACTICE AND POLICY IMPLICATIONS 
Research  
The aggregation of African-descent populations into the “Black/African-
American” racial category, without considering socioeconomic and cultural differences 
may lead to erroneous conclusions and needs re-evaluation.  Researchers examining CVD 
disparities should purposefully recruit a diverse sample of African-descent populations in 
the US, including African immigrants.  This study has shown that African immigrants 
can be engaged successfully in research. A high burden of modifiable CVD risk factors 
and poor health behaviors was observed. Meaningful associations were also found 
between CVD risk and social support, employment and health insurance with sex as an 
effect-modifier.  Larger cross-sectional epidemiological studies are needed to confirm the 
findings observed in this study. Longitudinal studies are also needed to determine the 
evolution of CVD risk and the effect of changes in social, economic, environmental and 
cultural factors on the CVD risk of African immigrants in the US. As conceptualized in 
the modified PRECEDE-PROCEED model, genetic factors play an integral role in the 
acquisition of CVD. However, this component was not examined in this study. Genetic 
predisposition and genetic priming may contribute to CVD disparities in this population 






We also observed that acculturation was significantly associated with CVD risk. 
However, the two measures of acculturation yielded paradoxical findings.  Using the 
proxy measure of length of the residence in the U.S, we observed that increasing years of 
U.S residence was significantly associated with having ≥3 CVD risk factors/poor health 
behaviors and Pooled ASVD risk score ≥7.5 %. When we used the bidimensional 
modified Psychological Acculturation Scale as a measure of acculturation, 
Integrationists, (who had lived in the US longer than Traditionalists), had a 0.46(95% CI: 
0.24-0.87) lower odds of having ≥3 CVD risk factors/poor health behaviors and 
0.38(95% CI: 0.18-0.78) lower odds of having a Pooled ASVD risk score ≥7.5% than 
Traditionalists. This paradoxical finding suggests that the use of length of U.S residence 
as a proxy measure for acculturation does not  directly measure elements of acculturative 
change (such as attitudes or behaviors) the information provided may be of limited 
usefulness. The modified Psychological Acculturation Scale which showed high internal 
consistency allowed us to orthogonally examine values, beliefs, attitudes, behaviors and 
cultural identity in the American and West-African dimensions. 
The majority of acculturation studies in the U.S have limited to Hispanic or Asian 
immigrants with very little known about the process of acculturation in African 
immigrants. Health researchers should building on the findings in this study and examine 
acculturation in African immigrants to gain a better understanding of how acculturative 
changes influence risk for CVD.  The mediating or moderating effect of acculturation on 
the relationship between health determinants and CVD outcomes in African immigrants 
should be examined. Also, although the modified Psychological Acculturation Scale 





study, there are gaps in the literature on acculturation scales that measure 
multidimensional changes in health behavior (including dietary acculturation and 
physical activity acculturation, use of healthcare services). Developing and validating a 
health behavior acculturation scale in a multi-ethnic sample will inform interventions that 
are tailored to preventing CVD in new immigrants.  
Although CVD knowledge was assessed in this study, additional research is 
needed to assess health beliefs, barriers (including medications, dietary and physical 
activity), and perceptions as they may impede the CVD prevention strategies among 
African immigrants.  
Practice  
Healthcare providers should be aware of the growing presence of African 
immigrants in the US as well as their unique history, background and health care needs.  
This study revealed a high prevalence of CVD risk factors and poor health behaviors in 
African immigrants with meaningful associations between social support, health 
insurance, employment, acculturation and CVD risk factors and poor health behaviors.  
Since many African immigrants migrate from low resource settings, their interactions 
with the healthcare system may have been limited to acute illnesses such as Malaria. 
They may have very little exposure to CVD prevention practices such as hypertension 
and cholesterol screening prior to migration. Hence, they may be less likely to engage in 
CVD prevention practices especially in a new and unfamiliar environment. Screenings 
for CVD risk in African should begin upon migration to identify individuals at high risk 





African immigrants may have difficulty adapting to the U.S. health care system 
and their health beliefs may be at odds with the biomedical model of disease. For 
instance, in a study of attitudes about hypertension among Dutch-Ghanaians, hypertension 
was interpreted as part of the stress of migration and that obesity was seldom perceived 
as a cause of hypertension. 61  It is important that health providers understand how health 
beliefs translates to behaviors in African immigrants - from reluctance to seek care to 
noncompliance to prescribed treatments. This can be achieved by assessing CVD health 
beliefs in the clinical setting.  Health care providers should assess for social support, 
access to health care services and CVD knowledge acculturation in African immigrants 
as they may influence CVD risk factor management.  Evaluating acculturation in clinical 
practice may be an opportunity to promote awareness, healthy behaviors, and prevention 
among African immigrants.  
Policy  
Contrasting the increasing number of African migrants in U.S., the health status 
and needs of these populations remain largely unexamined and this population has not 
been integrated into national plans and policies. In order to improve the health of African 
immigrants and reduce CVD risk there are policy changes that should occur.  On a 
national level, data collection standards for instance, race and ethnicity should be 
reexamined by the inclusion of a diverse sample of African immigrants.  For instance in 
the National Health Interview Survey(NHIS)and National Health and Nutrition 
Examination Survey(NHANES), African immigrants  should be purposefully sampled 





Washington, D.C, Minnesota where over half of African immigrants reside9. Data on the 
health of African immigrants should also be reported separately similar to Hispanic and 
Asian immigrants to ensure that their unique healthcare needs are better understood. 
Implementation of tailored intervention among African immigrants implicitly requires the 
identification of environmental, lifestyle and genetic factors that modify CVD risk and 
this will be best achieved with appropriate funding of epidemiological studies on African 
immigrants. It is difficult to set priorities for CVD risk reduction interventions without 
adequate data so funding of studies of African immigrants should be an immediate short 
term goal.  
The ideal population for derivation of a risk prediction algorithm would be a 
contemporary, population-based cohort that closely reflects the general population in 
racial, geographic, and lifestyle/environmental factors. Given the absence of risk 
prediction algorithm specific to Africans, we used the Pooled ASCVD risk score which 
was derived from African-American and Caucasian cohorts and it is unlikely that African 
immigrants were represented. Ideally, the National Heart Lung and Blood Institute should 
emphasize the need to equally include African immigrants, African-Caribbeans and 
African-Americans in cohort studies that examine the CVD risk in African-descent 
populations.  
 As shown in this study, African immigrants are a vulnerable population in the US 
due to inadequate health insurance. There are other factors that may increase their 
vulnerability including socioeconomic status, immigration status, residential location and 
stigma.  We observed a strong association between immigration status and health 





than those on visas or who declined to provide that information. More opportunities 
should be created for immigrants to obtain healthcare regardless of immigration status to 
improve access to regular health care. Since the Affordable Care act was introduced 
during this study, it remains to be seen the impact of the legislation on health insurance 
rates in this population.  
CONCLUSION 
Overall our findings suggest that what has been described as the “healthy 
immigrant effect” where immigrants had less obesity, better cardiometabolic health than 
US-born Americans may not hold for this current generation of African immigrants. The 
prevalence of CVD risk factors and poor health behaviors among a relatively young 
group of WAI is concerning. Employment was protective against high CVD risk in 
females and higher social support was protective against high CVD risk in males.  In 
females, not having health insurance was associated with higher CVD risk. Therefore, 
prevention strategies in this population must be tailored to the unique needs of the WAI 
with consideration of socioeconomic status and sex. Early intervention with medical 
management and lifestyle changes may prevent the worsening of CVD risk in new 
African immigrants. As African immigrants gain a larger presence in the U.S, it is 
imperative that we better understand how unhealthy acculturation may be prevented. 
Integrationists (equally identified with the American and African cultures) had lower risk 
for CVD and had controlled blood pressures than those who were Traditionalists 
(identified more with the African culture). Hence, ensuring the successful integration of 
African immigrants might reduce the risk of CVD in new African immigrants.  Larger 
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